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I. INTRODUCTION 
Several obvious changes occur in muscle tissue after 
death, such as a stiffening and a loss of extensibility. 
These, and a variety of other chemical and physical changes 
occurring post-mortem comprise what is generally known as 
rigor. Many of the changes have adverse effects on the 
final quality of meat for human consumption. Such examples 
are: the so called "dark-cutting beef" and "two-toned 
pork", resulting from rapid decrease in pH of muscle. 
Toughness in meats is directly related to the biochem­
ical state of muscle proteins. Since tender meat has always 
been considered highly desirable, fundamental research has 
been undertaken to determine what physicochemical interrela­
tionships are required to produce uniformly tender meat. 
The turkey and chicken are.ideal experimental animals to be 
used in such a study since they are readily obtainable, 
easy to*handle and process, and undergo rigor quite rapidly. 
Several approaches are being taken in the study of 
muscle proteins. Histologists and mlcroscopists are study­
ing the gross structure of muscle, with particular emphasis 
on the fine structure of the myofibril. Biochemists and 
physiologists are working at the molecular level keeping in 
mind how the structure and function of the cells and tissues 
are dependent upon the nature of the individual protein 
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molecules. The greater portion of this effort, however, has 
been directed toward elucidating the mechanism of contrac­
tion and. relaxation in living muscle. Many of the biochem­
ical and biophysical principles underlying this mechansim 
are perhaps analogous to at least some of the changes that 
occur after death. 
It is suspected that the state of muscle proteins in 
vivo is not necessarily well characterized by a study of the 
state of the proteins in vitro. The extraction and prepa­
ration procedures conceivably induce changes in the proteins 
differing from their native state. Although it is difficult 
to assess the degree of alteration, the use of very mild 
extraction techniques probably considerably reduces the 
amount of damage to individual components. Under such con­
ditions, protein changes associated with onset and resolu­
tion of rigor, are followed. 
Some microscopic and histological data suggest that 
myofilaments of muscle undergo molecular rearrangement or 
conformational change in various stages of rigor. Other 
evidence supports the theory that components of the 
myofibril form complexes or polymers which either dissociate 
or are enzymatically degraded with time. The formation and 
disruption of covalent bonds have been implicated in several 
protein interactions that occur after death. 
The post-mortem lability of the water-soluble muscle 
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proteins has frequently been implicated in the development 
of rigor. However, since these proteins are primarily 
glycolytic enzymes, it is unlikely that they are directly 
involved in the formation of a stiff inextensible structure. 
Moreover, the development of tough meat has often been at­
tributed to the presence of connective tissue although no 
convincing evidence has been presented.. The most obvious 
site of these post-mortem associated changes is therefore 
the myofibrillar proteins, since they are directly involved 
in the basic physiological processes of contraction and re­
laxation. Furthermore, since the individual muscle proteins 
in vivo are almost entirely associated as a myosin B com­
plex, it follows that this complex should be the focal point 
of this study. Hence, the primary objectives of this re­
search were as follows : 
1. To follow changes in selected physical and chemical 
properties of the myosin B fraction associated with 
maximum development and resolution of rigor. 
2. To investigate the fundamental nature of the ob­
served changes in the myosin B fraction associated 
with maximum development and resolution of rigor. 
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II. REVIEW OF LITERATURE 
The myofibrillar muscle proteins have frequently been 
the subject of inconsistent and. many times incorrect use of 
terminology. These inconsistencies are the result of dif­
ferent points of view of the diversified groups working 
actively in this area. In this research, the following 
nomenclature will be used; Myosin A denotes myosin prepa­
rations free of act in." Myosin B denotes the natural com­
plex between actin and myosin obtained by direct extraction 
from muscle. Myosin B fraction includes the group of pro­
teins extracted from muscle with 1.0 M KCl without further 
purification. Actomyosin denotes the synthetic protein 
prepared by mixing actin and myosin A solutions. 
A. Biochemistry of Rigor Mortis 
The most obvious change in mugcle tissue as it passes 
into rigor is a stiffening and a loss of extensibility. 
Partmann (1963) has followed this change by measuring the 
degree of torsion elasticity. The time course of rigor has 
been predicted by determining the response of muscle tissue 
to electrical stimulation (Forrest et al,, 19^5). Less 
obvious changes are the depletion of glycogen, production of 
lactic acid, depletion of adenosine triphosphate and 
creatine phosphate, and release of calcium by muscle pro­
teins (Bate-Smith, 1948; Partmann, 1954, Whitaker, 1959, 
and others). Small quantities of ammonia are liberated 
during rigor presumably due to the deamination of adenine 
nucleotides (Bendall and Davey, 1957). It is evident that 
the biochemical processes involved in rigor are similar for 
many species of fish and warm blooded animals. DePremery 
and Pool (i960) stated that certain relationships such as 
correlation between loss of adenosine triphosphate and 
onset of rigor are qualitatively the same for chicken as 
have been reported for other species. 
The myofibrillar proteins undergo subtle changes during 
rigor development and resolution. Several analogies have 
been drawn between the processes of contraction and relax-
at ion in living muscle and the changes in muscle that occur 
after death. Bigor has been defined by Szent-Gyorgyi (1964) 
as, "a combination of actin and myosin because of the dis­
appearance of adenosine triphosphate." Huxley's (1956) 
sliding filament model has been extensively used in the 
effort to explain the mechanism of rigor development. This 
model demonstrates that rigor consists of the formation of 
cross links between the actin and myosin filaments of the 
myofibril. As the adenosine triphosphate supply is depleted 
the relaxing factor (Marsh-Bendall Factor) is inhibited thus 
permitting an enzymatic and structural interaction of actin 
and myosin A. Much evidence supports this concept which 
6 
has received general acceptance. 
Using a Weber-Edsall solution, Fuj imaki and Nakaj ima 
(i960) reported that the amount of extractable myosin A and 
actin decreased rapidly and myosin B increased with onset 
of rigor. The decrease in myofibrillar protein solubility 
with onset of rigor (Sayre and Briskey, 1963 ; Khan and Van 
den Berg, 1964) strongly suggests the formation of myosin 
B. King (1965) describes the loss of solubility of myosin 
B as a two-step process. The first step is a dissociation 
of myosin B into its components followed by a comparatively 
slow aggregation of myosin A into components inextractable 
by 0.6 M KCl. Weinberg and Rose (i960) reported that less 
free myosin A was present in post-rigor than in pre-rigor 
extracts in spite of an increase in total myofibrillar pro­
tein. These workers, however, suggested that more actin 
was extracted from post-rigor muscle and this actin combined 
with myosin A in the extract. Viscosity measurements, 
salting-out curves, and binding ratios of myosin A with 
actin showed that the maximum content of actin in myosin B 
is in extracts prepared 48 hours after death (Fuj imaki et 
al., 1965). 
In accord with Huxley1 s model, resolution of rigor has 
been described as a disorganization or disruption of the 
myosin B complex (Erdos, 1946; Szent-Gyorgyi, 1951a). 
Partmann' s (1963) work supports this view, in which 
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adenosine triphosphate added to post-rigor muscle resulted 
in contraction. Fujimaki and Nakajima (i960) fractionated 
myosin B into two components, "actomyosin S and L" and 
showed that variations in these fractions were related to 
resolution of rigor. Marsh (195*0 , however, concluded that 
resolution does not involve reversal of onset of rigor since 
a strip of muscle held for seven days under certain condi­
tions did not show a decrease in the modulus of elasticity. 
Deatherage (1963) indicated that during rigor resolution 
there is essentially no solubilization of proteins or dis­
sociation of myosin B into actin and myosin A. Szent-
Gyorgyi (1964) recently obtained evidence that in rigor or 
contraction something similar to a local depolymerization 
of actin occurs at places where myosin A and actin interact. 
This change in the structure of actin causes the "thin 
filaments to stretch after interaction with an active site 
of myosin A and allows a neighboring active site to get in 
contact with myosin A which can then also undergo this cycle 
of change." 
Fujimaki (1962) has also observed changes in actin 
solutions during aging as followed by DEAE ion exchange 
chromatography. Chromâtograms showed a decrease after 48 
hours in a component called "inactive actin" and a nu­
cleotide compound thought to be a prosthetic group of actin. 
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In contrast, urea, pyrophosphate, and buffered potassium 
chloride extracts of fresh and aged chicken breast muscle, 
failed to reveal changes detectable by starch gel electro­
phoresis (Neelin and Rose, 1964). 
Khan and Van den Berg (1964) state that proteolysis 
weakens or breaks bonds which bind myofibrils to the matrix 
of the muscle and results in post-rigor protein changes in 
muscle. The breakdown of a "cytoskeleton", as referred to 
by McCollester and Sèmente (1964) is perhaps responsible. 
According to these workers, the cytoskeleton probably con­
sists of the endoplasmic reticulum and Z membrane and binds 
the myofibrils together. This cytoskeleton can be broken 
down by the activation of endogenous enzymes. This suggests 
that the site of resolution of rigor is at the basic phys­
iological unit of muscle rather than at the molecular level. 
Electron micrographs, however, show that normal muscle 
exhibits a gradual disruption of sarcoplasmic components, 
with little if any change in the myofibrils (Cassens et 
al.. 1963). At the histological level, muscle fibers show 
alterations with onset and resolution of rigor as exempli­
fied in degree of differentiation, appearance of nodes, 
changes in spacing of cross-striations, and development of 
breaks in fibers (Paul, 1965). 
Several workers are of the opinion that proteolysis 
does occur at some stage in resolution of rigor. Whether 
9 
or not the proteinases responsible are native to the muscle 
or are of bacterial origin is a matter of controversy. Pro­
teinases have been isolated from muscle of various species 
such as cattle (Balls, 1938), rat (Koszalka and Miller, 
i960), and Albacore (Groninger, 1964). The activities of 
several of these enzymes have been determined on various 
natural and synthetic substrates (Landmann, 1963; Bodwell and 
Pearson, 1964). Bautista et. al. (1961) showed that a release 
of amino nitrogen begins immediately after storage in raw 
beef. Deatherage (1963), however, has found little evidence 
for proteolysis during resolution of rigor as measured by 
increases in either trichloroacetic acid-soluble or tungstic 
acid-soluble nitrogen. These results agree with those pre­
viously reported by Locker (i960) who measured total 
ninhydrin reacting compounds and carried out end group anal­
yses on the proteins involved. 
Loss of water-binding ability of the myofibrillar pro­
teins has been useful in monitoring changes in muscle pro­
teins after death. Wismer-Pedersen (1959) and Kamm (i960) 
have studied the dependency of the water-binding ability 
upon the ultimate pH of the muscle. These workers found 
that the swelling or water retention of myofilaments 
reaches a minimum at the isoelectric point of muscle and 
rises steeply on either side of it. 
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The sarcoplasmic and water-soluble proteins of muscle 
apparently undergo some post-mortem changes even though they 
are not directly involved in contraction or relaxation. 
Scopes and Lawrie (1963) showed that several protein com­
ponents of the sarcoplasmic complex are unstable and are 
either denatured or isoelectrically precipitated by the 
post-mortem pH fall of muscle. DEAE ion-exchange chroma­
tography has been used to study changes in water-soluble 
muscle proteins after death (Fischer, 1963; Fuj imaki and 
Deatherage, 1964). No important qualitative differences 
were observed between samples of meat aged 30 minutes and 
48 hours, although small quantitative differences were asso­
ciated with several protein peaks. 
Using starch gel electrophoresis, Neelin and Hose 
(1964) found no significant changes in electrophoretic pat­
terns of myogen of two chicken muscles in three types of 
buffer systems. Myogen from red muscle, however, revealed 
an additional fast cationic zone at pH 7.5 after 48 hours 
of aging. The occurrence of this zone was related to the 
content of myoglobin and the authors believed it may have 
been derived as a "secondary consequence" of resolution of 
rigor. Disc electrophoretic patterns of chicken myogen 
revealed a disappearance of one band and an increase in 
another after four hours aging according to Fischer (19°3). 
Additional sarcoplasmic components were observed on starch 
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gel electrophoretic patterns with increasing time after 
death suggesting breakdown of intracellular barriers or 
subcellular particles (Neelin and Rose, 1964). Aberle and 
Merkel (1965) recently reported that after 48 hours aging, 
bands migrating toward the cathode became more sharply de­
fined and certain bands exhibited different mobilities. 
Gross changes have been observed in muscle proteins 
after death, as exemplified by degree of extractability by 
salt solutions, changes in water binding capacity and micro­
scopic structure. Electrophoresis and column chromatography 
reveal changes in crude preparations, however many of the 
changes have neither been adequately characterized nor cor­
related with any one component or fraction. In summary, 
considerable research is needed to further elucidate the 
biochemical mechanisms of rigor development and resolution. 
B. Characterization of Myofibrillar Proteins 
1. Actin 
The first isolation and characterization of actin was 
carried out by Straub (1942) who found that the protein 
aggregates in the presence of salts and dissociates into 
monomers in the absence of metal ions. P-actin (fibrous) 
and G-actin (globular) have been conventionally used to 
designate the degree of polymerization of the protein. This 
process of polymerization has recently been confirmed by the 
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use of electric birefringence. The small elementary poly­
mers of actin show a positive electric birefringence which 
on polymerization into normal P-actin show a large negative 
birefringence (Kobayasi et al., 1964). The classical pro­
cedure for the preparation of actin involves treating the 
muscle residue remaining after partial removal of myosin A, 
with acetone. The dry muscle powder is extracted with 
water which solubilizes the actin (Straub, 1943)• Mommaerts 
(1951) devised a simpler procedure based on repeated poly­
merization and ultracentrlfugation. A modified Straub pro­
cedure was developed by Tsao and Bailey (1953) in order to 
diminish the yield of inactive actin and to supress extrac­
tion of tropomyosin. Other modifications, (Peuer et al.. 
1948; Barany et al., 1957) have proved useful in preparing 
highly purified actin. More recently, Graham (1963) has 
devised a method for the direct extraction of P-actin from 
rabbit muscle. 
Early molecular weight determinations calculated from 
sedimentation and diffusion constants ranged from 57,000 to 
70,000 for the actin monomer in a variety of solvents 
(Mommaerts, 1952; Tsao, 1953a; Lewis et al.. 1963). More 
recent values range from 56,000 to 63,000 in which the 
Archibald technique was used (Mihashi, 1964; Grant, 1964). 
The molecular weight of P-actin calculated from light 
scattering data appears to be in the range of 1.5 to 3 
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million (Gergely and Kohler, 1958). Hydrodynamic measure­
ments have revealed little information as to the structure 
and conformation of P-actin. Electron microscopy, however, 
has provided useful information on size and shape of the 
molecule. Hanson and Lowey (1963) took pictures of actin 
filaments and concluded that P-actin consists of a two 
stranded helix, each strand containing 13 subunits of 
G-act in per turn. The diameter of the subunit is approx-
o  
imately 56 A units. The unit length of the P-actin particle 
is l-2p. from flow birefringence data (Maruyama, 1964). In 
addition to the proposed two-stranded structure, ultracen­
trifugal studies of Johnson et al. (1963) suggest that 
P-actin also consists of a single stranded polymer and a 
"gel-F-actin". 
Adenine nucleotides are intimately associated with 
actin in the polymerization process. G-actin has been con­
sidered as a complex of adenosine triphosphate actin and 
P-actin as adenosine diphosphate actin, in which during the 
conversion of G-actin to P-actin, the nature of the found 
nucleotide changes (Straub and Feuer, 1950). Becent data 
on the nature of the bound nucleotide essentially eliminates 
the possible existence of a covalent bond in the actin-
adenosine diphosphate complex (Barany et al., 1964b). The 
binding of adenosine diphosphate in P-actin is therefore 
probably related to the conformation of the protein. During 
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the polymerization reactions, one mole of phosphate per mole 
of G-actin is released from all nucleoside triphosphates 
(Iyengar and Weber, 1964). In addition to nucleotides, it 
has been shorn that actin is in combination or interacts in 
some way with tropomyosin (Laki et al., 1962; Drabikowski 
and Gergely, 1962; Martonosi, 1962)• Recent data confirm 
that tropomyosin is combined with P-actin up to 25 percent, 
although no evidence has been obtained for the interaction 
between tropomyosin and G-actin (Maruyama, 1964). 
Polymerization of actin is inhibited if the sulfhydryl 
groups of G-actin are allowed to react with various organic 
and inorganic compounds (Kuschinsky and Turba, 1951)• 
G-actin has been reacted with iodoacetate and all the sulfur 
was accounted for by cysteine and methionine ( Cars ten, 
1963). There are approximately six sulfhydryls per mole of 
actin, two of which react with mercurials and other rea­
gents. Of the remaining four groups, two are involved in 
the polymerization reaction (Katz and Mommaerts, 1962). 
Katz (1963a) proposed a model in which calcium ions favor 
a "closed" configuration of G-actin and magnesium ions 
produce an "open" configuration. More recent data, however, 
show there to be one site of "type A" binding site and 7-10 
"type B" binding sites per mole of G-actin specific for 
calcium, magnesium, and manganese ions (Martonosi et al.. 
1964). These data suggest that other groups in addition to 
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sulfhydryls are responsible for the binding of metal cat­
ions. In fact, Katz (1963b) presented evidence favoring 
the participation of two types of bonds in polymerization 
and stated that "the phenomenon here reported may relate to 
actin-actin bonds not requiring sulfhydryl groups, but 
bound nucleotides and bivalent cations.* ïokura and 
Tonomura (1963) showed that trinitrobenzene sulfonate is 
specifically bound to lysine in the G-actin molecule. 
The amino acid composition of actin has been determined 
by various workers (Carsten, 1963; Laki and Standaert, 
i960). The molecule apparently contains many of the charged 
amino acids such as glutamic and aspartic acids. An inter­
esting fact is that no differences have been found between 
the amino acid composition of cardiac and skeletal actins 
(Katz and Carsten, 1963). In fact, no major physicochemical 
differences exist between the actins of these two tissues 
(Katz and Hall, 1963). Actin preparations from striated 
muscle of beef, pig, lamb, chicken, frog, fish, and pecten 
were compared with respect to their various physical prop­
erties, amino acid composition and peptide maps (Carsten 
and Katz, 1964). No differences were found in mammalian or 
avian actin, however, chemical differences were noted in 
frog, fish, and pecten actin. 
16 
2. Myosin A 
The first "myosin* preparations (Banga and Szent-
Gyorgyi, 1940; Schramm and Weber, 1942) were far from homo­
geneous as compared with more recent myosin A preparations. 
By varying duration of extraction, "myosin" of different 
chemical and physical properties could be prepared. It was 
found that after prolonged extraction, a second protein was 
also extracted which formed a complex with the "myosin". 
Straub (1942) found that the complex, called myosin B, con­
tained actin. Many procedures for the preparation of myosin 
A are based on extraction of the protein in concentrated 
potassium chloride solutions, followed by precipitation at 
low potassium chloride concentration. Differential cen­
trifugation has been used to remove actin from actomyosin in 
the presence of adenosine triphosphate (Weber, 1956) and the 
actin-free myosin A in the supematent may be recovered. 
Mommaerts and Parrish (1951) found that myosin B is irre­
versibly precipitated if dialyzed against water and thus 
can be separated to yield purified myosin A. A direct pro­
cedure for the preparation of myosin A involves treatment 
of myosin B with 0.6 M potassium iodide (Szent-Gyorgyi, 
1951a). Potassium iodide disrupts the myosin B complex, 
denatures actin, and the myosin A may be recovered by re-
precipitation in potassium chloride. Yasui .et al. (i960) 
have shown that a water soluble "subfraction" is released 
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from myosin A upon denaturation .under various conditions. 
While there is a possibility that this subfraction is an 
Integral part of the molecule, Takahashi et. al. (1963) 
obtained evidence that the fraction is another protein ab­
sorbed on the surface of myosin A during the extraction-
purification procedure. 
The size and shape of the myosin A molecule has been 
difficult to determine because of its extreme heat sensi­
tivity and tendency to surface denaturation. Molecular 
weight values range from 330,000 to 400,000 as determined by 
the Archibald technique (Mommaerts and Aldrich, 1958; von 
Hippel et. al., 1958) to 840,000-860,000 by osmotic pressure 
and sedimentation-diffusion measurements (Portzehl, 1950). 
More recent data suggest additional uncertainty as to the 
actual molecular weight of myosin A. Archibald studies by 
Klelley and Harrington (i960) gave a value of 619,000 
whereas a re-examination by Lowey and Cohen (1962) resulted 
in a value of 470,000. Connell and Mackie (1964) have 
recently arrived at a value of 510,000 for cod myosin A 
which is in close agreement with a value of 524,000 reported 
by Mueller (1964). Several laboratories have reported 
values of approximately 530,000 using light scattering or 
hydrodynamic methods (Johnson and Rowe, 1961; Gellert and 
Englander, 1963). The molecular shape of myosin A is that 
of a highly asymmetrical rod as determined by viscosity 
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measurements (Portzehl, 1950; Mueller et al.. 1964). From 
light scattering data, the length of the rod was calculated 
o  
to be 1800 A units (Gergely and Kohler, 1958; Davis et al., 
i960 ; Mueller et al., 1964). 
X-ray diffraction and physicochemical studies have led 
to the proposal that myosin A consists of a alpha-helical 
rod with a globular portion at one end (Cohen, 1961; Lowey 
and Cohen, 1962). Electron micrographs lend support to this 
proposal by showing individual rod shaped molecules with 
globular portions at one end (Zobel and Carlson, 1963 ; 
Huxley, 1963; Mueller et al., 1964). The existence of sub-
units of myosin A was demonstrated by Tsao (1953b) by 
studying the depolymerization of purified myosin A in con­
centrated solutions of urea, guanidine hydrochloride, and 
dilute acids and alkalis. One unit was found to be a highly__ 
asymmetric unit of cyclic configuration and the other was of 
a globular form. 
Gergely (1950) and Szent-Gyorgyi (1953) found that 
trypsin cleaves the myosin A molecule into two components; 
a fibrous protein called light meromyosin and a globular 
protein called heavy meromyosin. Other enzymes such as 
chymotrypsin (Gergely et al., 1955), subtilisin (Middlebrook, 
1959), and snake venom esterase (Laki et al., 1962) produce 
components that cannot be physically or chemically distin­
guished from the meromyosins. The myosin A molecule appar­
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ently consists of one heavy meromyosin component plus one 
light meromyosin unit arranged end to end (Lowey and 
Holtzer, .1959; Gergely, 1959; Mueller, 1964). Recent work 
by Young et al. (1964) indicates that three polypeptide 
chains of myosin A are structurally separated from one an­
other in the heavy meromyosin region and that each possesses 
a catalytically active site for the hydrolytic cleavage of 
adenosine triphosphate. Furthermore, Offer (1964) showed 
that the polypeptides fail to be bound to a sulphonic acid 
resin because of a substitution of an acetyl group at their 
N-terminus. 
Light meromyosin depolymerizes in 2.0 M urea into units 
of 4,600 molecular weight called protomyosins and are uni­
form as to size and shape but are different in amino acid 
composition (Szent-Gyorgyi and Borbiro, 1956). According to 
these workers, protomyosins may represent folding units and 
a change in their organization might account for shortening 
of myofibrils. A further fraction, light meromyosin 
Fraction I, may be isolated from light meromyosin according 
to an ethanol procedure of Szent-Gyorgyi et al. (i960). 
Light meromyosin retains the general solubility properties 
of myosin A (Mihalyi and Szent-Gyorgyi, 1953; Szent-Gyorgyi, 
1953) . Landon and Perry (1963) showed that light meromyosin 
Fraction I contains amino acid sequences which are defi­
nitely present in heavy meromyosin. 
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Heavy meromyosin may be further fragmented into a 
smaller macromolecular component called Subfragment I 
(Mueller and Perry, 1962). Heavy meromyosin exhibits the 
actin combining and adenosine triphosphatase activities of 
the myosin A molecule (Mihalyi and Szent-Gyorgyi, 1953)• 
Electron microscopy reveals heavy meromyosin as a globular 
structure to which is attached a rodlike tail structure 
(Bice, 1964). Burton and Lowenstein (1964) have recently 
isolated a complex of heavy meromyosin and adenine 
nucleotide, suggesting heavy meromyosin as the site of 
adenosine triphosphate splitting in the myosin A molecule. 
A highly alpha-helical subunit was isolated from heavy 
meromyosin (Lowey, 1964). The presence of this subunit 
supports the concept that myosin A consists of a long hel­
ical rod with a globular portion at one end. 
In 1939, Englehardt and Ljubimova discovered that 
myosin A acts as an adenosine triphosphatase. The signif­
icance of this discovery was the realization that one of 
the proteins directly participating in contraction may have 
a regulatory activity on the rate of energy liberation. 
Koshland et al. (1954) determined the point of hydrolytic 
cleavage of the adenosine triphosphate molecule by isotope 
studies. Levy and Koshland (1959) established that an 
exchange reaction with water occurs during hydrolysis of 
adenosine triphosphate by purified myosin A. A mechanism 
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has been proposed for this reaction in which a phosphorylated 
myosin A intermediate is formed and upon reaction with water 
gives inorganic phosphate and myosin A. Using data from 
kinetic experiments, Hotta and Morales (1961) have proposed 
a similar model involving a phosphorylated intermediate. 
Since the intermediate is very transitory and, in fact, has 
not been isolated, Levy et al. (i960) suggested that the 
intermediate cannot be called a phosphorylated intermediate 
in the conventional sense. 
A variety of reagents activate myosin A adenosine tri­
phosphatase. Calcium ions exert a strong activating effect 
with two pH optima. Potassium ions activate to a lesser 
extent, and magnesium ions inhibit enzymic activity 
(Mommaerts and Green, 195*0 • Priess (195*0 discovered that 
the enzyme is activated by ethylenediaminetetraacetate at 
high ionic strengths. Monovalent cations must be present 
for this type of activation to take place (Kielley et al., 
1956). Priess (195*0 showed that the tetraacetate does not 
remove inhibiting metals by chelation and Bowen and Kerwin 
(195*0 concluded that the reagent is not bound to the myosin 
A molecule. This activation is now thought to be caused by 
the supression of an inhibition resulting from the binding 
of nucleoside triphosphates and magnesium ions (Muhlrad et 
al. 1964). At pH 7.5, ammonium ions increase the activity 
of the enzyme in a rate comparable with the effect of cal-
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cium ions (Greville and Reich, 1956). Recent data (Kaldor 
and Gitlin, 1964) suggest that ammonium ions may combine 
with the enzyme and the nucleoside triphosphate substrates. 
Blum and Sanadi (1964) showed that both îf-(p-arsenophenyl)-
n-butyrate and carbonyl cyanide p-chlorophenylhydrazone 
exert activating effects apparently by interacting with two 
neighboring groups at the active site of the myosin A 
molecule. 
Studies by Young et al. (1964) and Mueller and Rice 
(1964) now provide direct proof that the sites of enzymatic 
activity of myosin A are localized in heavy meromyosin or 
the globular portion of the molecule. Singer and Barron 
(1944) showed the importance of sulfhydryl groups for 
enzymatic activity by demonstrating that 
p-chloromecuribenzoate abolishes enzymatic activity. Levy 
et al. (1962) interpret this inhibition in terms of con­
formational changes in the myosin A molecule. Another in­
terpretation has been in terms of an interaction between 
the 6-amino group of adenosine triphosphate and certain 
"rate-retarding sulfhydryl groups" (Blum, i960). In order 
to minimize side reactions, Gaetjens et al. (1964) treated 
myosin A with dithioglycolic acid in the presence of cal­
cium and magnesium ions and found a three to four-fold 
increase in adenosine triphosphatase activity. 
Two sulfhydryl residues have been postulated as being 
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part of the adenosine triphosphatase active center of myosin 
A (Stracher, 1964; Sekine et al., 1962). Sekine and Kielley 
(1964) concluded that the sulfhydryls perhaps do not direct­
ly participate in the reaction of enzyme and substrate, but 
that blocking of one sulfhydryl in each polypeptide chain 
because of its close association with the active center, 
results in a specific disturbance of the site. A histidyl 
residue has been postulated as the catalytic group involved 
in the cleavage of the terminal phosphate residue of 
adenosine triphosphate while the sulfhydryl groups function 
as binding sites for adenosine triphosphate (Stracher, 1965; 
Hotta and Kojima, 1964). 
At a pH above 10.1, all adenosine triphosphatase 
activity is lost and 1.0 M urea causes a rapid inactivation 
of enzymic activity (Stracher, 1961). Takahashi et al. 
(1962) found that enzymatic activities of alpha and beta 
components separated on DEAE-cellulose decreased with time 
at 36°C. 
Comparative studies have been carried out on myosin A 
from different muscle sources. Rabbit cardiac myosin A 
contains fewer residues than skeletal myosin A and calcium 
and EDTA activated adenosine triphosphatase activities of 
skeletal myosin A are about three times higher than cardiac 
myosin A (Barany et al., 1964a). Myosin A of slow muscles 
of the rabbit has two or three times lower calcium and EDTA 
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activated adenosine triphosphatase activities than myosin A 
from fast muscles (Barany et al.. 1965) although both muscles 
contain the same amount of myosin A. 
3. Myosin B 
Myosin A combines with actin to form the complex, 
actomyosin. The complex is characterized by a viscosity 
higher than the sum of the two components, by a high sedi­
mentation constant, and by a high molecular weight. Myosin 
A combines with act in in a weight proportion of about 
3.5-4.0 to 1 (Szent-Gyorgyi, 195la; Gergely and Kohler, 
1958) • When adenosine triphosphate is added to a myosin B 
solution of high ionic strength, the complex dissociates 
into its component proteins. This dissociation was demon­
strated in a direct fashion by Johnson and Landolt (1951) 
using the analytical ultracentrifuge. At low ionic 
strengths, the addition of adenosine triphosphate brings 
about the classical superprecipitation of the myosin B gel, 
first demonstrated by Szent-Gyorgyi in 1942. Light scat­
tering and viscosity data indicate that superprecipitation 
is due to the dissociation of myosin B into the constituent 
F-actin and myosin A (Maruyama and Gergely, 1962). Endo 
(1964), however, suggests that in solutions of low ionic 
strength and fairly high in concentrations of adenosine 
triphosphate, myosin B actually exists in at least three 
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forms, "shrunken, shrinking, and dissociated." 
The manner in which myosin A combines with act in is not 
well understood although several concepts have been proposed. 
Bas kin ( 1964) established a relationship between volume 
changes and molecular reorganization during contraction and 
relaxation. Results showed that either a large configura-
tional change occurs in the myofibrillar proteins or 
actomyosin dissociates into actin and myosin A filaments. 
Davies (1963) assumes that myosin A bound adenosine triphos­
phate participates in calcium chelated cross-bridges between 
the act in and myosin A filaments of the myofibril. 
Electron-micrographs show that F-actin filaments are at­
tached to the Z-lines between each sarcomere and can link 
with three thick filaments of myosin A (Huxley and Hanson, 
i960). Iyengar et al. (1964) concluded that adenosine tri­
phosphate in the presence of actin and calcium disrupts the 
helical structure in some part of the H-meromyosin molecule. 
Using the technique of electric flow birefringence, Kobayasi 
et, al. (1964) has resolved that a strong electric inter­
action exists between the permanent dipoles of F-actin and 
heavy meromyosin. Direct evidence for this interaction has 
been provided by Huxley (1964) who isolated F-actin fila­
ments and allowed them to react with heavy meromyosin. The 
configuration of the myosin B molecule was observed using a 
negative staining technique. 
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Adenosine triphosphate and act in apparently bind to the 
same myosin A site (Nanninga, 1964). Studies by Kaldor et 
al. (1964) suggest that act in contains an inhibitory group 
which is necessary for the enzymatic interaction of the two 
proteins. Sjostrand (1964) proposed a scheme in which ,he 
myosin A filaments could be considered to represent a struc­
tural configuration which blocks the active sites of myosin 
A from interaction with the act in filaments. A change in 
configuration of the myosin A filaments would unmask the 
active sites and allow the formation of the myosin B com­
plex. The presence of sulfhydryl groups in actin and myosin 
A have prompted investigations to determine the type of 
chemical bond involved in the complex. Kuschinsky and Turba 
(1951) reported that the ability of F-actin to form myosin B 
was not very sensitive to sulfhydryl inhibitors. More re­
cently, Perry and Cotterill (1964) found that at low ionic 
strengths, the acto-H-mercmyosin forming ability of F-actin 
is sensitive to low concentrations of certain sulfhydryl 
reagents such as N-ethylmaleimide. 
Myosin B possesses adenosine triphosphatase activity 
which is highly accelerated by magnesium ions. Weber and 
Herz (1963) found that calcium ions show some activating 
effect on the enzyme. Myosin B exhibits a fast initial rate 
of cleavage of adenosine triphosphate which levels off with 
time of incubation of the reaction mixture (Bendall, 1961). 
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Bowen et al. (1963) have concluded that myosin B is a dual 
enzyme with two reaction rates and that each enzyme possesses 
different kinetics. Fragmented sarcoplasmic reticulum has 
recently "been shown to inhibit magnesium activated adenosine 
triphosphatase of myosin B (Seidel and Gergely, 1964). This 
inhibition apparently results from removal of contaminating 
calcium by the sarcoplasmic reticulum. Tropomyosin enhances 
the magnesium activated adenosine triphosphatase of myosin B 
after superprecipitation (Katz, 1964). Endo (1964) con­
cluded that during and after the process of superprecipita­
tion the adenosine triphosphatase activity of myosin B gels 
remain unchanged. 
C. Physical Methods for Studying 
Myofibrillar Proteins 
1. Electrophoresis 
Electrophoretic techniques have been used primarily as 
a criterion of purity in the study of myofibrillar proteins. 
Zone electrophoresis in starch gels has proved to be a 
valuable tool, particularly in the study of actin. G-actin, 
in both continuous and discontinuous tris-borate buffer 
systems yields several bands (Krans et al.. 1962). From the 
heterogeneous G-actin, a homogeneous protein of lower molec­
ular weight is formed by reduction. On the other hand, 
Carsten and Mommaerts (1963) found that G-actin, prepared by 
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ultracentrifugal isolation of F-actin followed by depoly-
merization with adenosine triphosphate, was homogeneous and 
free of tropomyosin. Four or five new bands, however, 
appeared on standing, on removal of adenosine triphosphate, 
on substitution of sulfhydryl groups, on pH adjustment, and 
on treatment with 7.2 M urea. Similar results were found 
with cardiac G-actin which migrated in one homogeneous band 
in starch gel electrophoresis (Katz and Hall. 1963). In a 
comparative study, pecten and octopus actin did not reveal 
a fast moving component characteristic of actins from 
mammalian and avian species (Carsten and Katz, 1964). 
Neelin and Hose (1964) have used vertical starch gel elec­
trophoresis with a variety of gel buffers and bridge solu­
tions to monitor changes in chicken myofibrillar proteins 
during aging. Urea was used to extract myofibrillar pro­
teins in order to obtain the low ionic strength desired in 
zone electrophoresis. 
The synthetic polyacrylamide gels have become powerful 
tools in the electrophoretic analyses of a wide variety of 
proteins. Raymond (1962) described the construction and 
operation of a plexiglass electrophoresis cell. Davis 
(1961) developed a disc electrophoretic technique that 
greatly improved resolution and reproducibility of runs. 
Serum proteins have been extensively analyzed by this 
technique in which at least 12 discrete protein groups have 
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been observed in normal human serum (Peacock .et al., 1965). 
Polyacrylamide has been used in the analysis of milk casein 
(Aschaffenburg, 19&3), acid phosphatase (Barka, 1961), pro­
teins of Neurospora (Chang et. al., 1962), and wasp venoms 
(0* Connor et al., 1964). 
Polyacrylamide gel electrophoresis of myosin A in con­
centrated urea demonstrates that the dissociated chains of 
myosin A migrate as a monodisperse electrochemical species 
(Small et al., 1961). The migration rate was very slow, 
except in gels low in acrylamide concentration and high in 
pH. Fischer (1963) used disc electrophoresis in poly­
acrylamide gels to follow changes in salt-soluble chicken 
muscle proteins after death. Migration rates were slow and 
bands were weakly stained, although some qualitative dif­
ferences were apparently observed. 
2. Ion exchange chromatography 
Cellulose ion exchange chromatography has been used 
very successfully in fractionating biological materials 
containing closely associated proteins. Boardman and 
Partridge (1953) were able to separate neutral proteins 
differing in isoelectric points by only 0.6. Early reports 
show the application of this method to the analysis of 
horse and human sera (Sober et al., 1956), various enzymes 
and hormones (Keller et al., 1958), and egg white proteins 
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(Rhodes et al., 1953). Mandeles (i960) used cellulose ion 
exchangers to analyze cabbage extracts and extracts of two 
different strains of E. coll. In this study, several 
methods for preparing and handling ion exchange resins were 
outlined. DEAE-cellulose chromatography has been used in 
the analysis and separation of sarcoplasmic and water soluble 
muscle proteins (Fischer, 1963; Fujimaki and Deatherage, 
1964; Hartshome and Perry, 1962). More recent applications 
of the technique have been the fractionation of ribosomal 
proteins (Spitnik-Elson, 1964), and separation of 
/^ -glucanases of germinated barley by phosphorylated cellu­
lose (Luchsinger and Richards, 1964). A large amount of 
information has accumulated on the application of cellulose 
ion exchangers to the purification of specific proteins 
(Sober et al., 1956). Anion exchange celluloses most com­
monly used are diethylaminoethyl cellulose (DEAE-cellulose) 
and triethylaminoethyl cellulose (TEAE-cellulose). The 
most common cation exchanger is carboxymethyl cellulose 
(CM-cellulose). 
Cellulose ion exchange chromatography has been used to 
purify myosin A. Perry (i960) observed the behavior of 
myosin A on DEAE-cellulose at pH 7.6 and 8.2 and presented 
evidence for a variation in the adenosine triphosphatase 
activity of the two main myosin A fractions eluted. Using 
the same technique, Asai (1963) found that the molecular 
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weight of myosin A in the main eluted peak is that of the 
monomer, and the myosin A in the trailing edge of the main 
peak is aggregated. Takahashi .et al. (19&3) used DEAE-
cellulose to eliminate a "water soluble subfraction" in 
myosin A preparations. DEAE-cellulose was used to study 
myosin A extracts from early embryonic chick muscle (Baril 
et al.. 1964). Older chick embryos yield three myosin A 
fractions whereas material from muscle extracts of 11-day 
embryos cannot be eluted under the same conditions. 
Mohasseb (19°3) fractionated muscle proteins initially ex­
tracted with potassium chloride phosphate buffer into 9-12 
components. Myosin A and myosin B proteins were not ad­
equately fractionated, apparently because of the suscepti­
bility of the column to overloading with protein. 
3. Gel filtration 
Gel filtration is a relatively new fractionation proce­
dure, in which the separation is based upon differences in 
molecular weight, size, and shape of the molecule. Mole­
cules pass through the column at rates that are related 
inversely to the fluid volume accessible to them. The great 
amount of progress in this field came after the introduction 
of a cross-linked dextran gel (trade name, Sephadex) by 
Porath and Plodin (1962). Despite several complications, 
good correlation is often found between gel filtration dia­
32 
grams and physical parameters related to molecular size. In 
fact, gel filtration has been used as a comparative method 
to give useful estimates of the molecular weights of pro­
teins (Andrews, 1962; Whitaker, 1963)• Steere and Ackers 
(1962) used the technique as a simple method for particle 
size determination. 
Serum proteins have been fractionated on Sephadex G-200 
(Flodin and Killander, 1962). Molecules greater than about 
200,000 in molecular weight do not penetrate the gel matrix 
and are eluted first. Smaller molecules penetrate the gel 
and are retained, thus appearing in later effluents. 
Fireman et al. (1964), found that Sephadex G-200 separates 
serum proteins into three major peaks. The first peak con­
tained macroglobulins, haptoglobin, and lipoproteins. The 
second peak consisted mostly of ^ globulins and the third 
peak was albumin. Lewis (1964) separated plasma coagulation 
factors into three groups using G-200. Chromatography of 
barley globulins on Sephadex G-100 columns at pH 6.6 indi­
cated the presence of six primary groups of components of 
different molecular sizes (Nummi, 1963). Various enzymes 
have been studied with Sephadex of varying degrees of cross-
linkage. Molecular weight, degree of purity, and extent of 
dissociation have been determined for xanthine oxidase on 
Sephadex G-200 (Andrews et al., 1964). Downey and Andrews 
(1965) estimated the molecular weight and studied the com-
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position of several lipase preparations. Mycothecium cel-
lulase was fractionated on Sephadex G-75 to give three major 
cellulolytic components (Selby and Maitland, 1965). These 
workers concluded that temperature control during gel fil­
tration is essential for reproducible results at high 
resolution. 
Agar gels can be used to separate proteins over very 
wide molecular weight ranges (Andrews, 1962; Steere and 
Ackers, 1962). Using granulated agar gels, Poison (1961) 
was able to distinguish between proteins having molecular 
weights ranging from 13,000 to several million. Effective­
ness of the column for separating various proteins depended 
on agar concentration of the gel and coarseness of the gel 
granules. Steere and Ackers (1962) calibrated pore sizes of 
agar by measuring hindrance to diffusion of human hemoglobin 
and a virus. Pearl-condensed agar has recently been pre­
pared by Bengtsson and Philipson (1964) which apparently 
allows higher flow rates than previously used granulated 
agar gels. Araki (1937) showed that agar consists of two 
fractions, a neutral galactose polymer (agarose) and a 
sulfated polysaccharide (agaropectin)Agarose in some 
cases is preferred to agar since it is essentially free from 
sulfate and as a result possesses a minimum of ion exchange 
properties. Agarose has been prepared by an acetylation 
method of Araki (1937) and by a cetyl pyridinium chloride 
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method of Hjerten (1964). A very simple method of prepara­
tion is by fractional precipitation of agar with polyethylene 
glycol (Russell et al.. 1964). Agarose columns have been 
used to separate subcellular particles and proteins, and to 
separate whole cells from ribosomes, proteins, dyes, and 
salts (Hjerten, 1964). 
Thyroidal iodoproteins have been separated by gel fil­
tration on agar gels ranging from 2.5 to 11.0 percent 
( Salvatore et. al., 1964). Ultracentrifugally homogeneous 
preparations of thyroglobulin were obtained with the agar 
columns. Large protein macromolecules have been separated 
on columns of agar gels. Killander et al. (1964) used 3.5 
percent pearl-condensëd agar to separate human plasma 
macroglobulins. The lipoproteins were resolved-into 3-4 
fractions andglobulins were partially separated from 
theOc-gm globulin and fibrinogen fraction. The method per­
mitted fractionation in both the analytical and preparative 
scale and other concentrations of agar were used to enhance 
the separation of selected substances. 
Little work has been done on the application of gel 
filtration to the study of myofibrillar muscle proteins. 
Smoller and Pineberg (1964) used Sephadex G-200 to purify 
crude myosin A preparations. A major advantage of the 
Sephadex technique is greater speed and ease of making runs. 
Only 5-7 hours are required for a complete elution which 
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results in consistent purification and a yield comparable 
with the most successful of the DEAE-cellulose methods. 
Only one elution buffer is needed and excessive dilution 
of the myosin A preparation can be avoided. Furthermore, 
the buffer can contain up to 1.0 M potassium chloride 
therefore minimizing the tendency of myosin A to aggregate 
and precipitate on the column. In the preparation of heavy 
meromyosin, Sephadex G-200 has been employed to remove a 
small amount of the soybean trypsin inhibitor used to stop 
the digestion of myosin A by trypsin (Young et al.. 1964). 
Heavy meromyosin appears in the external column volume 
followed by a slightly retarded trypsin inhibitor peak. 
P-nitrothiophenol myosin A has been isolated by gel filtra­
tion on Sephadex G-200 In studying the binding site of the 
reagent to the myosin A molecule (Kitagawa et al., 1964). 
Mixtures of heavy meromyosin and adenosine triphosphate 
were placed on columns of Sephadex G-25 to study the nature 
of complexing of these two components (Burton and 
Lowenstein, 1964). In this experiment, the protein peak 
coincided exactly with a-radioactive peak of the adenosine 
triphosphate, and the extent of binding was determined. 
Lowey (1964) separated low molecular weight fragments from 
0.01 M hydrochloric acid solutions of heavy meromyosin 
using Sephadex G-200. After the void volume, a sharp sym­
metrical peak appeared followed by a series of broad skewed 
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peaks. The polymerization of G-actin has been followed on 
columns of Sephadex G-25 equilibrated with adenosine 
triphosphate-ascorbate solutions (Carsten and Mommaerts, 
1963). 
4. Ultracentrifugal analyses 
In adenosine triphosphate solution, G-actin exhibits a 
single peak in the ultracentrifuge and shows a slight neg­
ative concentration dependence of sedimentation (Lewis et 
al.. 1963). Two preparations of native actin had s^ Q w 
values of 3.25S, which is somewhat higher than the value of 
3.02S reported by Kay (i960). EDTA-activated actin had an 
s20 w s215- immediately after the addition of potas­
sium chloride to actin, the s^ Q w of the aggregate was 
approximately 16s (Lewis et al., 1963). Actin apparently 
forms more heterogeneous aggregates with time. Close 
agreement was found by Katz and Hall (1963) who estimated 
the s^ Q w value as 3.44s after correction for density and 
viscosity of the solvent. In this study, the sedimenting 
boundary of G-actin appeared to be quite asymmetric. The 
asymmetry was thought to be due to the formation of an 
equilibrium mixture between G-actin monomers and oligomers 
of at least three of four subunits. Mihashi (1964) 
obtained an s^ Q w value of 3.38s, and noted that when the 
solution was left standing for a few days at low tempera-
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ture, a new rapidly sedimenting component (4s) gradually 
appeared. This indicated that some aggregates of G-
adenosine triphosphate-actin had formed, although the 
authors were not certain whether such aggregates are inter­
mediate polymers of normal F-actin or random aggregates of 
denatured actin. Sedimentation coefficients for actin 
preparations from 13 different mammalian and avian sources 
varied about a mean value of 2.79S (Carsten and Katz, 
1964). Values for sedimentation coefficients for F-actin 
range from 50S (Mommaerts, 1952) to 65s (Portzehl, 1950). 
Purified myosin A in 0.6 M potassium chloride yields 
a homogeneous peak in the ultracentrifuge, however, a small 
amount of another faster sedimenting component always 
exists (Oppenheimer et al., 1964). These workers demon­
strated a concentration dependence and extrapolation to 
zero concentration yielded a sedimentation coefficient of 
5.8S. This value is somewhat low compared to earlier 
values of 7.IS (Portzehl, 1950) , 6.5s (Mommaerts and 
Parrish, 1951), and 6.25s (von Hippel et al., 1958). Cod 
myosin A shows a single sedimenting component with a 
calculated s^Q w value of 6.33s (Cornell and Mackie, 1964). 
Brahms and Kay (1962) found that dog cardiac myosin A 
showed single peaks only for periods up to 60 hours after 
death of the dog. Storage of the preparation for an 
additional day caused aggregation which was observed by 
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the appearance of a second and faster sedimenting peak in 
the sedimentation diagrams. In striking contrast, Mueller 
et al. (1964) prepared cardiac myosin A that appeared quite 
stable and showed no tendency to aggregate when stored at 
low temperatures. On a comparative basis, Barany et al. 
(1964a) showed that both cardiac and skeletal myosin A show 
essentially one peak during sedimentation for three hours. 
Furthermore, skeletal myosin A from four muscles show iden­
tical sedimentation patterns in the ultracentrifuge (Barany 
et al., 1965). 
Myosin A in aqueous 6.0 M urea solvent exhibits a com­
plex sedimentation pattern (Snellman and Erdos, 1948). 
Small .et al. (1961) showed that complete dissociation of 
the myosin A molecule into the slowest moving (s^Q w of 1.0 
-2.OS) peak is achieved only at urea "concentrations in the 
range of 12.0 M. Mueller et al. (1964) calculated an s®Q w 
for heavy meromyosin of 6.64s and 3.OS for light mero­
myosin. When heavy meromyosin is titrated to below pH 
4.0, two peaks are observed in the analytical ultracentri-
fuge (Lowey, 1964). The intrinsic sedimentation coeffi­
cient s®0 w of the slower moving peak was 3.3S and that of 
the faster peak, about 10.OS. 
All of the rodlike myofibrillar proteins, paramyosin, 
tropomyosin, and light meromyosin, have sedimentation 
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coefficients in the range of about 3.OS (Lowey, 1964). 
Myosin B has a sedimentation coefficient of about 12-15S 
(Johnson and Howe, 1964; Vest and Todd, 1962). 
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III. EXPERIMENTAL PROCEDURE 
A. Stock and Age of Turkeys 
Samples for analyses were taken from Keithley White 
turkey females raised at the Iowa State University Poultry 
Science Center. The approximate age range of the turkeys 
was 10 to 12 months. Comparable nutritional and environ­
mental conditions were maintained for all of the birds. 
3. Method of Exsanguination 
Turkeys were slaughtered in the processing room of the 
Iowa State University Poultry Science Center. Slaughtering 
was accomplished by severing the jugular vein and carotid 
arteries and birds were bled for 3-5 minutes. Each turkey 
was scalded for 2 minutes at 55-60°C. and feathers were 
removed by a commercial automatic circular picker timed for 
30 seconds. Following evisceration, birds were quickly 
transported in plastic bags to the campus poultry laboratory 
for chemical analyses. 
C. Storage Conditions 
Turkeys were stored in a commercial walk-in type cooler 
maintained at 3-5°C. In the enzyme assay experiments, 
carcasses were held for 48 hours and samples were taken 
after 4. 24, and 48 hours. In the remainder of experi­
ments, samples were taken only at 4 and 48 hours. 
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During storage periods, all muscles in the carcass were 
left intact so as to insure a minimal deviation of the 
muscle proteins from their natural state. Skin, depot fat, 
and membranes, were carefully folded back over the breast 
muscle after sampling was completed. Samples representing 
each storage time were taken from the same muscle in each 
carcass. After appropriate storage times, samples were cut 
from the pectoralis ma.1 or muscle. Samples weighed 15 g. 
and were trimmed free of visible fat, tendons, and connec­
tive tissue. 
D. Preparation of Muscle Extracts 
Extraction and fractionation of muscle proteins were 
accomplished using a scheme shown in Pig. 1. All steps in 
the preparation, as well as centr1fugat1on, were carried 
out at 0-5°C. 
Muscle samples to be extracted were cut up into small 
pieces and placed in a 500 ml. Servall Omni-mixer jar 
containing "250 ml. of twice-distilled water. Distilled 
water was obtained from a Coming glass distillation appa­
ratus and had a specific conductance of 5 X 10"^  ohm meters 
-1. Muscle samples were homogenized at high speeds for 1 
minute and at low speeds for 9 minutes. Homogenization in 
the cold was achieved by submersing the blendor jar in a 
1000 ml. beaker containing slush ice. In this way, con-
15 g. muscle extracted 
with distilled water 
centrifuged 
(7,000 X G for 10 minutes) 
residue washed 
with distilled water 
centrifuged 
(7,000 X G for 10 minutes) 
r i 
residue extracted 
with 1.0 M KCl/0.01 M NaHCO? 
pH 7.2 
centrifuged 
(20,000 X G for 30 minutes) 
residue extracted 




(15,000 X G for 10 minutes) 
supernatant filtered residue discarded 
through cheesecloth (connective tissue and) 
(MYOSIN B FRACTION) denatured proteins 





(MYOSIN B FRACTION) 
i ^ P. 
diluted to '/2=0.35 
residue discarded 
(connective tissue and) 
denatured proteins 
residue discarded 
(connective tissue and) *• 
denatured proteins 
centrifuged | 
( 1500 X G for 10 minutes) 
residue redisolved 
in 1.0 M KC1 
twice reprecipitated 
by diluting to 172=0.35 
precipitate redissolved 
in 1.0 M KC1 
(PURIFIED MYOSIN B) 
supernatant 
diluted to r/Lo. 025 
centrifuged 
(1500 X G for 10 minutes) 
residue redissolved 
in 0.6 M KC1 
twice reprecipitated 
by diluting to (72=0.025 
V 
precipitate redissolved 
in 1.0 M KC1 
(MYOSIN A) 
Fig. 1. Fractionation scheme for turkey muscle proteins 
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tents of the blendor jar could be maintained at 3-5°C. Re­
sulting mixtures were centrifuged at 7,000 X G for 10 
minutes in a refrigerated superspeed centrifuge (Interna­
tional, Model HR-1). An eight place wide angle head was 
used, fitted with 50 ml. polypropylene tubes. Supernatant s 
were discarded and residues were washed again with glass 
distilled water to remove all traces of water-soluble pro­
teins. Mixtures were again centrifuged at 7,000 X G for 
10 minutes and the remaining residues were saved for prep­
aration of the individual protein fractions. " 
1. Myosin B fraction 
Residues remaining after removal of the water-soluble 
proteins were extracted with 1.0 M KCl containing 0.01 M 
NaHCCy to give a pH of 7.2. Extraction was carried out in 
the Servall Omni-mixer at very slow speeds which resulted 
in a slow stirring of the mixture. Salt-soluble extracts 
containing the myosin B complex were centrifuged at 
20,000 X G for 30 minutes to remove any remaining connec­
tive tissue and denatured proteins. Supernatants were 
filtered through two layers of cheese cloth to remove lipids 
and extraneous lumps of large protein aggregates. 
2. Purified myosin B 
KCl solutions containing the myosin B complex were 
diluted with glass distilled water to (^ /2=0.35) to pre­
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cipitate myosin B. Precipitates were collected by centrif-
ugation at 15,000 X G for 10 minutes and were redissolved in 
1.0 M KCl. Two cycles of reprecipitation were carried out 
and final myosin B precipitates were dissolved in 1.0 M KCl 
containing 0.01 M NaHCO^ . 
3. Myosin A 
Residues prepared-as above were extracted with 0.6 M 
KI containing 0.01 M NaHCC^  by stirring at low speeds in the 
Servall Omnimixer for 10 minutes. Five volumes of extract­
ing solution were used per gram of residue. Insoluble res­
idue was removed by centrifugation at 15,000 X G for 10 
minutes and supematants were immediately diluted with 12 
volumes of cold glass distilled water. Precipitated myosin 
A was collected by centrifugetion, dissolved in 0.6 M KCl, 
reprecipitated two times, and dissolved in-1.0 M KCl con­
taining 0.01 M NaHCO^ . Aggregated myosin B and other con­
taminants were removed by centrifugation at 25,000 X G for 
1 hour. 
S. Analyses of Muscle Extracts 
1. Nitrogen analyses 
Nitrogen determinations were made using a biuret method 
(Layne, 1957). Exactly 4.0 ml. of biuret reagent were added 
to 1.0 ml. of protein mixtures and mixed by swirling. Opti-
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cal densities of reaction mixtures were read exactly 30 
minutes later at 440 mu on a Beckman Model DU spectrophotom­
eter. Blanks, which contained 1.0 ml. of 1.0 M KC1, were 
prepared in the same manner. 
Protein concentrations of samples were obtained by 
reference to a calibration curve established with a solution 
of bovine serum albumin (Nutritional Biochemicals Corpora­
tion) . The albumin was assayed by a micro-Kjeldahl nitro­
gen method (Association of Official Agricultural Chemists, 
I960, pp. 643-644). Copper selenite served as the catalyst 
in digestion and methyl red-methylene blue indicator was 
used in titrations. 
A calibration curve was also established using puri­
fied myosin B assayed by the micro-K;)eldahl method. Devi­
ations from the serum albumin calibration curve are shown 
in Fig. 2. Deviations were small enough so that nitrogen 
values derived from the serum albumin curve were considered 
valid. 
Protein estimations on fractions from gel filtration 
columns and density gradient centrifugations, were carried 
out by the ultraviolet method of Layne (1957). 
2. Phosphorus analyses 
Three ml. of solution containing 10-40ng. phosphorus 




SERUM ALBUMIN REFERENCE CURVE 
MYOSIN B REFERENCE CURVE 
PROTEIN CONCENTRATION (rng/mi) 
Fig. 2. Calibration curves of serum albumin and myosin B 
for biuret protein determination 
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color reagent were added and mixed by swirling and after 10 
minutes color intensities were read spectrophotometrically 
at 650 mp. Color reagent was prepared by diluting 10 ml. 
of a stock ammonium molybdate solution to 70 ml. and by 
adding 5 g. of ferrous sulfate. Solutions were made up to 
volume and shaken until all crystals were dissolved (Taussky 
and Shorr, 1953). Because of the tendency to ready oxida­
tion, ferrous sulfate solutions were freshly prepared for 
each set of phosphorus determinations and were used for no 
longer than 2 hours. 
Potassium dihydrogen phosphate (Baker's, C.P.) was 
dried in an oven ior 24 hours and was dissolved and made up 
to a liter in a volumetric flask. Aliquots were taken as 
standards and a curve was established ranging from 2-50pg. 
phosphorus. Phosphorus values were converted to tig. in­
organic phosphate and final results were expressed as 
jxmoles of inorganic phosphate per mg. protein. 
3. Adenosine triphosphatase activity 
Adenosine triphosphatase activity was determined by 
measuring increases of inorganic phosphate in reaction 
mixtures. Enzyme assays were carried out at 37°C. and 
reaction times ranged ffbm 2-10 minutes. Glass distilled 
water was used in preparation of solutions and chemicals 
used were reagent grade. 
4? 
Incubation mixtures contained 1.0 ml. of protein solu­
tion and 2.0 mM adenosine triphosphate (crystalline disodium 
salt, Nutritional Biochemicals Corporation). Total volume 
of incubation mixtures was 2.0 ml. Mixtures were gently 
shaken in a Dubnoff metabolic shaking incubator (Precision 
Scientific Company) for specified times of incubation. 
Reactions were stopped by the addition of 2.0 ml. of 11.0 
percent trichloroacetic acid. Precipitated protein was 
removed by centrifugation and 3.0 ml. of supernatant were 
taken for phosphate determination. Blanks were prepared by 
mixing 1.0 ml. of 1.0 M KCl/0.01 M NaHCCy, 1.0 ml. of 2.0 
mM adenosine triphosphate, and 2.0 ml. of 11.0 percent 
trichloroacetic acid. Three ml. of the mixture were taken 
as the blank. 
4. Ion exchange chromatography 
Bio-Bad Cellex-DEAE-cellulose (0.91 meq/g., lot no. 
108264) was purchased from the California Corporation for 
Biochemical Research, Los Angeles, Calif. Before use, the 
cellulose was washed according to a method as reported by 
Mandeles (i960). Washed cellulose was suspended in dis­
tilled water overnight to allow air bubbles to escape and 
any remaining fines were decanted. Cellulose suspensions 
were poured into 2 X 50 cm. columns and were equilibrated 
overnight with a KC1 buffer of the following composition: 
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0.4 M KC1, 0.049 M NapHP0^.7Hg0, 0.0045 M NaHgPO^.HgO, pH 
7.5, 1/2=0.55. 
Ten ml. of myosin B fractions were chromâtographed on 
columns by stepwise élution with buffers ranging from pH 
3.5-pH 11.0 and salt gradients ranging from 0.0-0.5 M. 
Columns were gravity fed and séparatory funnels were used 
to introduce the buffer into constant volume (250 ml.) 
mixing chambers. Non-linear gradient elution schedules were 
carried out as reported by Sober et al. (1956). Effluent 
was collected in 5.0 ml. fractions by a Packard automatic 
fraction collector with a drop counting system and was mon­
itored at 280 mu in a Beckman DU spectrophotometer. Runs 
were carried out in a cold-room maintained at 3-5°C. 
5. Gel filtration 
Special Difco Noble agar was selected and was solu-
bilized by autoclaving at 15 psi for 30 minutes. Agar solu­
tions were poured into circular pyrex dishes, allowed to 
solidify and were cut-up into small chunks. Agar chunks 
were homogenized for 45 seconds at high speeds in a Servall 
Omnimixer. Crushed ice was added prior to disintegration 
to prevent softening of gels during homogenization. Gran­
ulated agar was collected and sieved through stainless 
steel United States Standard sieves. In some cases, a 
strong jet of water was used to force granules through 
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sieves. Fractions from 60 mesh sieves (149 a) were retained 
and were washed successively with glass distilled water and 
1.0 M KCl/0.01 M NaHCO^ . Gels were placed in beakers and 
covered and were allowed to equilibrate at 5°C. overnight in 
0.6 M KCl/0.01 M NaHCCy. Suspensions of gels were poured 
into columns and simultaneously stirred with small glass 
rods to facilitate uniform packing. Columns were settled 
and equilibrated overnight at 1°C. using 1.0 M KCl/0.01 M 
NaHCOo. 
A 3.2 X 50 cm. glass chromatography column fitted with 
a medium sintered glass disc was used and was jacketed to 
circulate cold water from a refrigerated water bath. The 
column temperature was kept at 1.0+0.5°C. at all times to 
maintain proper size of gel particles. The column was 
gravity fed and flow rates were adjusted to about 1.0-2.0 
O 
ml./cm /hour. A buffer reservoir (500 ml. separatory fun­
nel) was connected to the column by means of a rubber tube 
1 mm. In diameter and flow rates were adjusted by a screw 
clamp attached to the tubing. 
Protein solutions were uniformly layered on top of the 
column after excess buffer had been pipetted off. After 
protein samples had completely flowed in to the gel, 
eluting buffer was again uniformly layered on top of the 
column and the flow was started. Protein concentrations 
were kept below 10 percent for agar columns and sample vol­
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umes never exceeded 1/25 of the bed volume. Elution was 
carried out with 0.6 M KCl/0.01 M NaHCO^. 
Five ml. fractions were collected by volume in an LKB 
3400 B BadiRac fraction collector equipped with a 3^04 B 
siphon stand. Effluent was examined at 280 my, in a Beckman 
DU spectrophotometer. 
6. Ultracentrifugal analyses 
Sedimentation patterns of myosin B fractions and myosin 
A solutions were observed in a Spinco model E analytical 
ultracentrifuge. The instrument was equipped with schlieren 
optics and temperatures were regulated at 20°C. by a rotor 
temperature indicator and control unit. Sedimenting bound­
aries were photographed at 3 minute intervals at 44,770 
r.p.m. and sedimentation coefficients were calculated from 
the equation according to Schachman (1957): 
S = 1 u (âîs*, 
where co is the angular velocity in radians per second, x is 
the position of the sedimenting boundary, measured from the 
center of rotation, and t is the time, in seconds, after 
reaching speed. No corrections were made for the Johnston-
Ogston effect or for the radial dilution of the protein. 
An An-E rotor with a 30 mm. standard cell was used with 
myosin A preparations and an An-D rotor with a 12 mm. stand­
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ard cell was used with myosin B fractions. Boundaries were 
observed using bar angles of 45° for myosin A preparations 
and 35° for myosin B fractions. 
7. Centrifugal analyses 
Myosin B fractions were centrifuged for 30 minutes at 
6,900, 12,100, and 16,500 r.p.m. in a refrigerated super-
speed centrifuge. An eight place type 856 angle head was 
used fitted with 12 ml. lusteroid tubes and adapters. Ni­
trogen determinations were made on solutions before and 
after each centrifugation. Amounts of nitrogen sedimented 
were calculated and results were expressed as percent pro­
tein sedimented versus speed of centrifugation. 
8 . Density gradient centrifugation 
Linear sucrose (Fisher Scientific Co.) gradients were 
prepared at room temperature in 1.0 M KCl/0.01 M NaHCCy, 
pH 7.2. The device for preparing gradients consisted of 
two 50 ml. beakers connected at bottom outlets by a short 
piece of Tygon tubing containing a screw clamp. An out­
flow tube extended from the mixing beaker which was stirred 
with a small magnetic stirrer. Stirring speeds were 
adjusted to give good mixing without disturbance of the 
meniscus. Thirty ml. of the less dense sucrose solution 
were added to one chamber and by adjusting the screw clamp, 
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was allowed to flow through the tubing to the outlet of the 
mixing beaker. Thirty ml. of the more dense solution were 
added to the mixing beaker and the stirrer was adjusted. 
The tip of the outflow tube was placed at the top of cen­
trifuge tubes and flows were started by simultaneously 
adjusting the clamps on the outflow and connecting tubes. 
Fluid levels in the beakers were kept equal during emptying 
to assure linearity of the gradients. 
Tubes containing the gradient, and the rotor, were 
equilibrated at 5°C. for several hours. Samples containing 
1.0 percent or less total protein, were layered over gradi­
ents. Centrifugation was carried out in a Spinco model L-2 
ultracentrifuge equipped with a swinging bucket rotor 
fitted with cellulose nitrate centrifuge tubes. Other ex­
perimental conditions concerning the centrifugation and 
sampling of fractions are given in Table 1. 
9. Viscosity measurements 
Relative viscosities were determined at 3°C. on 5 ml. 
samples in an Ostwald viscometer with an outflow time for 
water of 70 seconds. Viscosities in the absence and 
presence of adenosine triphosphate were determined from the 
average of three consecutive readings made before and imme­
diately after the addition of 0.1 ml. 60 mM adenosine tri­
phosphate. 
Table 1, Experimental conditions for sucrose gradient centrifugation and sampling 
of fractions 
Spinco Model Range of sucrose Maximum Vacuum chamber 
L rotor concentration in speed, 
gradient r.p.m. Temperature Pressure 
w/w °C. p.Hg 
SW 25.2 4.92-20. 
Time of centrifugation 





23,000 10 <50 
Number of drops 
per fraction 






A plexiglass horizontal pressure-plate apparatus (Model 
EC-401, E-C Apparatus Corporation, Philadelphia, Pa.) was 
used in electrophoretic experiments and was equipped with 
platinum electrodes and sponge baffles. Lucite trays, 
29.7 X 6.5 cm. and 3 mm. deep were used to form gels and 
current was supplied by a regulated power supply (Heathkit 
Company, Benton Harbor, Mich., Model IP-32). Cold water was 
circulated through upper and lower plates to maintain gels 
at 3-5°C. 
Polyacrylamide gel solutions were prepared by dis­
solving 16 g. Cyanogum No. 4l monomer and 0.20 ml. N, N, 
N* , N1 -tetramethylethylenediamine (TMED) catalyst in 300 ml. 
of a tris-citrate buffer, pH 8.6. Monomer and catalysts 
were obtained from the E-C Apparatus Co., Philadelphia, Pa. 
After filtering solutions through Whatman No. 4l filter 
paper, 0.20 g. ammonium persulfate were added to initiate 
polymerization. Solutions were gently stirred to achieve 
mixing without aeration, and transferred to lucite trays 
and covered. Gelation required 30-45 minutes at room tem­
perature. 
Protein, 5-10 mg./ml. in concentration, was applied to 
small strips of No. 6 Whatman filter paper which were in­
serted into slits in gel slabs. Slits 1.5 cm. in length 
were cut with a piece of razor blade. Care was taken to 
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prevent air bubbles from being incorporated into the sample 
slits. After insertion of samples, trays were covered with 
Saran Wrap to prevent evaporation of moisture during runs. 
Voltage was applied to gels by means of filter paper wicks 
6.5 cm. in width and bridge solutions consisted of 0.1 M 
sodium chloride. 
A voltage drop of 10—>13 V./cm. with a current density 
of 2—>1 ma./cm was necessary to achieve an adequate migra­
tion rate. Duration of runs was 48 hours. Electrophoretic 
patterns were developed by placing gels in a 1.0 percent 
solution of Amido Black 10B dye (A. H. Thomas Co., 
Philadelphia, Pa.) in methanol-water-acetic acid (5:5:1, 
v/v) for 5-10 minutes. Excess free dye was removed by 
washing gels for several days in many changes of the same 
solvent of the ratio (4:10:1, v/v). Washing was accom­
plished in pyrex dishes gently agitated by a mechanical 
shaking incubator set at low speeds. 
11. Ultraviolet spectra 
Ultraviolet spectra were obtained at room temperature 
using a Beckman DK-2A ratio recording spectrophotometer. 
F. Experimental Design 
In enzyme assay experiments, four turkeys were ran­
domly chosen for sampling. One muscle sample was selected 
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at random for each of the three designated storage periods. 
Enzyme incubations, phosphorus and nitrogen determinations 
were carried out in duplicate on extracts of each muscle 
sample. Turkeys for this experiment were slaughtered every 
other day and sampling and chemical analyses were carried 
out in-^fche same manner after each designated storage time. 
Statistical analyses of data were made using methods de­
scribed by Snedecor (1956). 
In chromatographic, ultracentrifugal, and electro-
phoretic experiments, turkeys were slaughtered as needed 
and samples were chosen at random from the desired muscle. 
Muscle extracts were prepared after each of the three 
storage periods and were never held longer than 3 days at 
3-5°C. Each extract was used specifically for one technique 
of analysis and all runs were carried out in duplicate. 
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IV. EXPERIMENTAL RESULTS 
A. Myosin B Adenosine Triphosphatase Activity 
Adenosine triphosphatase activities were determined 
for myosin B fractions prepared 4, 24, and 48 hours after 
death. Magnesium ions and other potential enzyme activators 
were excluded from incubation mixtures. Fractions prepared 
24 and 48 hours after death showed small increases in activ­
ity over that of the fractions extracted 4 hours after 
death (Fig. 3). While not statistically significant (p>.05) 
as shown in Table 2, small differences in enzymic activity 
of myosin B fractions did exist between times of extraction. 
Differences were not statistically significant because of 
the inherently small increments of increased activity. 
However, since results were consistent and a large number 
of assays were performed, definite trends could be estab­
lished. In all preparations, rates of enzymic activity 
were highest in the first two minutes of incubation, per­
haps corresponding to the "fast initial rate of adenosine 
triphosphatase" of magnesium-activated myosin B found by 
Bowen et al. (19&3) . The enzymatic activity gradually 
decreases with time of incubation and reaches a maximum 
after about 15 minutes of incubation. 
Adenosine triphosphatase activities of myosin B frac­
tion and purified myosin B were compared (Fig. 4). Myosin 
Table 2. Analyses of variance of myosin B adenosine triphosphatase activity 
Sources of variation d f S S M S "F" ratio 
Extraction time 2 0.000346 0.000173 I.663 
Reaction time 4 0.039130 0.009782 94.058* 
E X R 8 0.000393 0.000049 0.471 
Residual 105 0.010994 0.000104 
Total 119 0.050863 
Significant at p>,05. 
Pig. 3. Adenosine triphosphatase activity of myosin B fractions prepared at 4, 24, 
and 48 hours post-mortem (P.M.). Plots of average values represent du­
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B fraction exhibited the most rapid initial rate of hydrol­
ysis during the first 3.5 minutes of incubation. Purified 
myosin B, however, showed the highest rate of enzymic activ­
ity during the later phases of incubation. Purified myosin 
B adenosine triphosphatase tended to exhibit a more linear 
rate of action than did the adenosine triphosphatase activ­
ity of myosin B fraction. 
B. Ion Exchange Chromatography 
of Myosin B Fraction 
DEAE-cellulose ion exchange chromatography afforded 
little if any separation of 1.0 and 0.6 M KC1 myosin B 
fractions; only one broad protein peak was eluted in 600 ml. 
of effluent. The single fraction appeared in the first 30 
ml. of effluent suggesting that the proteins were not 
adsorbed on the column. Ion exchange chromatography of 
salt-soluble proteins presents certain difficulties inasmuch 
as the proteins are stable only at relatively narrow ranges 
of pH and ionic strength. It is unlikely that the high 
ionic strengths of the KC1 solutions permitted the formation 
of multiple bonds between the ion-exchange adsorbent and the 
protein components. In fact, Asai (1963) showed that even 
in the presence of 5 mM adenosine triphosphate ions, the 
adsorption capacity of the column for the protein is as low 
as 1.3 g. myosin per 100 g. of dry DEAE-cellulose. High 
ionic strengths are necessary to extract the bulk of the 
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myofibrillar proteins and to keep individual as well as 
large protein aggregates in solution. Overloading of the 
column was first thought to be responsible in part for the 
non-adsorption, however, significant lowering of protein 
concentration did not improve separation or resolution. 
The results are in agreement with those of Mohasseb 
(1963) who found that myosin A and myosin B in 0.4 M KCZ-
phosphate buffer were not adequately fractionated by DEAE-
cellulose chromatography. Perry (i960) reported that the 
only satisfactory myosin A solution for Ion-exchange chro­
matography is a 5 mM ATP-20 mM-tris-HCl buffer, pH 8.0-8.2. 
Under these conditions, myosin was held on the column and 
could be eluted when a gradient was applied. More recently, 
Asai (1963) found that 5 mM adenosine triphosphate and 5 mM 
tris-HCl, pH 7.5, effect solubilization and complete ad­
sorption of myosin A on DEAE-cellulose. Such low ionic 
strengths, however, would hot permit solubilization and sub­
sequent chromatography of myosin B. 
C. Gel Filtration of Myosin B Fraction 
In order to assess the influence of agar concentration 
upon the separating and resolving power of the granulated 
agar gels, myosin B fraction was chromâtographed on gels of 
2.5 and 5.0 percent concentrations. Typical separations 
obtained with these gels are shown in Fig. 5. Identical 
Pig. 5. Gel filtration of myosin B fraction on 2.5 and 5.0 percent granulated 











column dimensions, flow rates, and column temperatures were 
maintained in this experiment. Only one major fraction was 
resolved by the 2.5 percent gels whereas 5.0 percent gels 
separated the myosin B complex into at least three distin­
guishable components. Columns of 2.5 percent agar had 
decidedly lower flow rates than 5.0 percent columns. As a 
result, a much higher pressure was required to equalize 
flow rates between the two columns. Fraction A showed some 
overlap with fraction B on the 5.0 percent column and com­
plete separation of the two components was not achieved 
either by adjustment of flow rates or column dimensions. 
Recovery of protein from columns of both agar concentrations 
was 90 to 95 percent. 
Myosin B fractions prepared 4 and 48 hours after death 
were applied to a column of 5.0 percent granulated agar 
gel. The same column was used repeatedly in all runs with 
proper equilibration and washing following each individual 
run. Typical elution diagrams are shown in Fig. 6. In 
general, the two myosin B preparations produced similar 
protein elution curves, each being characterized by three 
main components. Fraction A demonstrated a higher absorp­
tion at 280 mp, and a higher protein concentration in the 
48-hour preparation than in the 4-hour preparation. Frac­
tion C of the 48-hour preparation was somewhat displaced 
from fraction C of the 4-hour preparation. A small com-
Pig. 6. Gel filtration of myosin B fraction prepared 4 and 48 hours post-mortem 
(P.M.) on a 5 percent granulated agar gel. Total protein applied to 
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ponent associated with fraction C in the 4-hour preparation 
was not apparent in fraction C of the 48-hour preparation. 
The curve of adenosine triphosphatase activity of 
chromâtographed myosin B fraction prepared 4 hours after 
death, followed in a general way the plot of absorption of 
the effluent at 280 m^t (Pig. 7). Some enzymic activity 
occurred in the trailing edge of fraction A while fractions 
B and C showed the most activity in the leading edges of the 
curve. The adenosine triphosphatase activity of myosin B 
fraction prepared 48 hours after death was not as constant 
along the eluted protein fractions (Pig. 8). Two areas of 
enzymic activity were located in the trailing edges of 
fractions A and B respectively. Some activity occurred both 
in front of and behind the eluted fraction C. In both 4-
and 48-hour myosin B fractions, the greatest amount of 
enzymic activity occurred within the main 280 mu, absorbing 
fraction (Table 3). 
Ultraviolet absorption spectra were obtained for pro­
tein fractions eluted from gel filtration of myosin B frac­
tion (prepared 4 hours after death) on a column of 5.0 per­
cent granulated agar (Pig. 9). All three fractions exhib­
ited considerable absorbency at 260 and 280 mu. Fraction A 
showed the highest ^ 280/^260 rati0 followed by fractions C 
and B respectively (Table 3). None of the fractions exhib-
Absorbency at 280 ma and adenosine triphosphatase activity of effluent 
from gel filtration of myosin B fraction prepared 4 hours post-mortem. 
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Absorbency at 280 mu, and adenosine triphosphatase activity of effluent 
from gel filtration of myosin B fraction prepared 48 hours post-mortem. 
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Table 3. Ultraviolet absorbency and enzymic activity of 
components of myosin E fractions eluted from 











wg.Pl/mg. protein/5 min. 
A 0.44 0.91 13.0 
5  1 .17  0 .86  32 .0  
C 0.45 0.92 2.8 
sAs described by Layne (1957). 
ited absorbency in the range 300-700 mu indicating the " 
absence of heme pigments and other porphyrin components 
frequently present in water extracts of muscle. 
Elution diagrams were obtained for gel filtration of 
myosin A and purified myosin E on columns of 5.0 percent 
granulated agar gels. Typical elution diagrams are shown 
in Fig. 10. Myosin A is eluted first with a 280 mu, absorp­
tion maximum at 45 ml. of effluent, followed by purified 
myosin E with an absorption maximum at 235 ml. of effluent. 
The myosin A elution pattern shows an initial fraction 
followed by a smaller fraction containing a long trailing 
edge. The trailing edge overlaps the initial leading edge 
Fig. 10. Gel filtration of myosin A and purified myosin B on 5 percent 
granulated agar gels. Total protein applied to column: myosin 
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of the purified myosin B. The purified myosin B elution 
pattern is in the form of a single, slightly irregular pro­
tein fraction. 
D. Ultracentrifugal Analyses 
of Myosin B Fraction 
Sedimentation diagrams were obtained for myosin B frac­
tions and myosin A preparations obtained 4 and 48 hours 
after death. Figs. 11 and 12 show diagrams for myosin 3 
fractions and myosin A preparations, respectively. 
The concentrated myosin B fractions showed consider 
able turbidity, and, if left at room temperature for more 
than 15 minutes, became quite viscous. Much of the tur­
bidity was removed during acceleration in the ultracentri-
fuge and a distinct shoulder in the pictures indicated con­
siderable sedimented material in the bottom of the cell. 
No qualitative differences in sedimentation patterns were 
observed between fractions prepared 4 and 43 hours after 
death. Essentially three peaks were seen during sedimen­
tation for 8o minutes. In both preparations a small rapidly 
sedimenting component aggregated or interacted in some way 
with the already sedimented material of the cell. A new 
peak was formed which resulted in the formation of an ultra-
sharp boundary at the bottom of the cell. A smaller, slower 
moving component followed with a sedimentation coefficient 
Pig. 11. Sedimentation patterns of myosin B fractions in 1.0 M KCl/0,01 M NaHCOo. 
Speed: 44,770 r.p.m.; temperature, 20°C.; bar angle, 4o° in first 
frame, 35° in subsequent frames. Sedimentation proceeds to the right. 
All pictures taken at 8 mIn. intervals. A. Myosin B fraction prepared 
4 hours after death. Protein concentration, 9.2 mg,/ml. B. Myosin B 
fraction prepared 48 hours after death. Protein concentration, 7.1 
mg./ml. 

Pig. 12. Sedimentation patterns of myosin A in 1.0 M KC1/0.01 M NaHCOo. Speed, 
44,770 r.p.m.j temperature, 20°C.; bar angle, 50° in first frame, 40° 
in subsequent frames. Sedimentation proceeds to the right. All 
pictures taken at 8 min. intervals. A. Myosin A prepared 4 hours 
after death. Protein concentration, 2.5 mg./ml. B. Myosin A 
prepared 48 hours after death. Protein concentration, 2.6 mg./ml. 
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of 15S.- The major component was the slowest sedimenting 
species and had a sedimentation coefficient of 7.9S. Slowly 
moving material at the end of runs indicated the presence of 
low molecular weight components. 
Considerable turbidity was also removed in myosin A 
preparations during acceleration again indicating the 
presence of high molecular weight polymers or aggregates. 
Essentially two peaks were seen in 4-hour preparations which 
were resolved after sedimentation for 40 minutes. The 48-
hour preparations also showed two peaks which corresponded 
exactly to those in the 4-hour preparation. The major 5.5S 
component of the 43-hour preparation was in much greater 
concentration than the same component of the 4-hour 
preparation. The fastest moving species was in highest 
concentration in the 4-hour preparation. Slowly moving 
material at the end of runs indicated the presence of low 
molecular weight components. 
E. Centrifugal Analyses of Myosin B Gel 
In comparing the degree of polymerization of myosin B 
fractions, freshly extracted and filtered (no previous 
centrifugation) myosin B fractions were subjected to three 
speeds of centrifugation for 30 minute intervals. Results 
are shown in Pig. 13. At all speeds of centrifugation, 
more material sedimented in the 4-hour myosin B fractions. 
i 
Pig. 13» Percent sedimentation of myosin B fractions prepared 4 and 48 hours 
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Differences in amounts of sediment were greatest at a speed 
of 12,100 r.p.m. corresponding to a relative centrifugal 
force of 18,000 X G. 
P. Density Gradient Centrifugation 
of Myosin B Fraction 
Typical results of sucrose gradient centrifugation of 
myosin B fractions are shown in Fig. 14. One major frac­
tion was observed in all gradient patterns. This fraction, 
about one third of the distance between the meniscus and the 
bottom, comprised a variable proportion of the total pro­
tein. In addition to the major fraction, gradients fre­
quently contained a significant amount of 280 mu,-abs orbing 
material at the top of the tube. A minor rapidly sedi­
ment ing fraction was present near the bottom, and a small 
pellet was always found at the bottom of tubes. Only small 
qualitative differences were observed between the 4- and 
48-hour myosin B fractions. The major component of the 
48-hour fraction was slightly displaced from that of the 
4-hour fraction and more 280 mu,-absorbing material was 
present in the bottom of the tubes of the 48-hour fraction. 
Analyses of the individual fractions are shown in 
Table 4. Adenosine triphosphatase activity of material near 
the meniscus (A) was quite high, particularly the calcium-
activated enzyme. The major fraction (B) in the gradient, 
Pig. 14. Sucrose gradient ultracentrifugation patterns of myosin B fractions 
prepared 4 and 48 hours after death. Sucrose gradient, 4.92 to 
20.99 percent, containing 1.0 M KC1; rotor, SW 25.2; time of cen­
trifugation, 23 hours at 23,000 r.p.m. Total protein in 4-hour 
fraction, 18.4 mg; 48-hour fraction, 16.0 mg. T and B on the 
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Table 4. Analyses of fractions from sucrose gradient ultracentrifugation of 
myosin B fractions 
Fraction Adenosine triphosphatase 
activity^  
p,M Pj/mg. protein/5 min. 
Ca++-activated Mg++-activated 
Viscosity fall with 






A 3.72 2.28 0 0.57 
B 0.09 0.16 15 1.56 
C 1.78 1.10 2 0.71 
aIncubâtion mixtures were 5 mM in ATP and 10 mM in either MgClg or CaClg. 
P^inal ATP concentration, 5 mM. 
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showed comparatively low enzymic activity. In this frac­
tion, activation by magnesium ions was greater than activa­
tion by calcium ions. Material near the bottom of the tube 
(C) exhibited moderate enzymic activity, in which the 
calcium-activated adenosine triphosphatase gave highest 
values. The fall in viscosity with the addition of adenosine 
triphosphate was highest in the major fraction, while values 
for A and C fractions were negligible. The low ultraviolet 
absorbency ratios for A and C fractions indicate the 
presence of significant amounts of nucleotide derivatives. 
G. Electrophoresis of Myosin B Fraction 
Myosin B fractions prepared 4 and 48 hours after death 
were subjected to polyacrylamide gel electrophoresis in the 
effort to follow any changes in this fraction with aging. 
Resolution was generally unspectacular in polyacrylamide 
gels and bands were weakly stained in most cases. The mi­
gration rates were extremely slow and in the duration of 
runs (48 hours), diffusion had widened the bands to some 
extent. Patterns were reproducible, however, and at least 
some components are represented by the zones observed. 
The anionic components of the 4- and 48-hour myosin B 
fractions were very similar if not almost identical in dis­
tribution. Three recognizable zones were observed: a fast, 
weakly stained component I; a slower more intensly stained 
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component II; and a very slow, highly stained component III. 
The 4-hour myosin B fraction exhibited one slow, weakly 
stained catlonic component IV which apparently resolved into 
two components, a faster weakly stained, and a slower highly 
stained component, in the 48-hour myosin B fraction. Typi­
cal electrophoretic patterns are shown in Fig. 15. 
Pig. 15. Polyacrylamide gel electrophoresis of myosin B fractions from turkeys 
aged 4 and 48 hours. Protein concentration, 5-10 rag./ml. a. 4-hour 
preparation; duration of run, 12 hr. b. 4-hour preparation; duration 
of run, 24 hr. c. 4-hour preparation; duration of run, 48 hr. 


















A. Adenosine Triphosphatase Activity 
of Myosin B Fraction 
In the enzymic activity experiments, myosin B fractions 
were dissolved in 1.0 M KCl/0.01 M NaHCO^ . The high KC1 
concentration was required to solubilize individual compo­
nents of the myosin B fraction as well as large protein 
aggregates. Since myosin B itself possesses adenosine tri­
phosphatase activity, it was concluded that a measure of 
this activity would serve as one approach to follow changes 
in the state of myosin B during rigor. With this in mind, 
no known agents were added to the mixture to cause disso­
ciation or conformational change of myosin B. At low ionic 
strengths, magnesium and calcium ions accelerate enzymic 
activity of the protein, however, since kinetic or mecha­
nistic studies were not included, metal ions were also 
excluded. 
Adenosine triphosphate itself induces some changes in 
the myosin B molecule, particularly at high ionic strengths. 
Above an ionic strength of 0.2, addition of adenosine tri­
phosphate causes the long myosin A molecules to dislodge 
from the actin filaments and allows them to disperse at 
random. Accompanying this dissociation is the appearance 
of the characteristic myosin A adenosine triphosphatase 
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activity (Hasselbach and Schneider, 1951). Myosin A enzymic 
activity is highly activated by calcium ions, and Seidel 
and Gergely (1964) showed that calcium contaminatien is 
present in commercially available adenosine triphosphate in 
sufficient amounts to activate the enzyme fully. 
In spite of these considerations it can be concluded 
that at least some of the adenosine triphosphatase activity 
can be attributed to myosin E itself. Two facts support 
this conclusion. The ratio of myosin B to adenosine tri­
phosphate concentrations was high enough in incubation 
mixtures so that a considerable amount of myosin B remained 
in the undissociated form. Endo (1964) showed that at con­
centrations as high as 1.0 mM in adenosine triphosphate, 
only a partial dissociation of myosin B into myosin A and 
actin takes place. Secondly, turkey myosin A prepared as 
shown in the experimental procedure section, exhibited vir­
tually no adenosine triphosphatase activity until 10 mM 
calcium chloride was added. It is, therefore, doubtful 
that calcium contaminants in the adenosine triphosphate 
were in sufficient concentration to provide significant 
activation of myosin A. 
The adenosine triphosphatase activity of the myosin B 
fraction apparently increases slightly from 4 to 48 hours 
after death. One possible explanation for this observation 
is that myosin B dissociates into a form, notably myosin A, 
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which possesses a higher degree of enzymic activity. This 
- change in activity may result from an exposure of more 
active sites of the molecule to the substrates. Pujimakl 
et al. (1965), however, found that maximum dissociation of 
myosin B was observed in extracts prepared immediately after 
slaughter. Furthermore, binding ratios showed a minimum 
content of actin in myosin B extracted from the muscle two 
days after slaughter. A release of divalent metal ions and 
soluble relaxing factor with resolution of rigor, may exert 
an activating effect on myosin B enzymic activity. 
The increased enzymic activity of purified myosin B 
during later stages of incubation is presumably due to re­
moval of inhibitory substances during the purification 
procedure. In the absence of specific activators, myosin B 
is apparently the major adenosine triphosphatase of the 
myosin B fraction. 
B. Gel Filtration of Myosin B Fraction 
Columns of 5 percent agar gels were more effective than 
2.5 percent gels in separating components of the myosin B 
fraction. A decrease in agar content of gels generally 
shifts their effective range in which the capacity to sep­
arate smaller molecules gives way to the ability to dis­
tinguish between larger ones. Andrews (1962) found that 5 
percent gels may effectively separate proteins ranging in 
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size from cytochrome C (mol. wt. 13,000) to thyroglobulin 
(mol. wt. 670,000) and even larger. Using 6 percent 
agarose gels, Hjerten (1962) separated T-2 bacteriophages 
(particle weight 200 X 10^ ) from R-phycoerythrin (mol. wt. 
290,000), hemoglobin (68,000) and cytochrome C. On the 
basis of particle size, separations can be achieved over 
the range of particle diameters of 28 mp, (Southern bean 
mosaic virus) to 4 ma (lysozyme) (Steere and Ackers, 1962). 
These results, however, were based on spherical or nearly 
spherical particulates, and any deviation from sphericity 
would tend to change positions of fractions. The size of 
the components of the myosin B fraction apparently fell 
within the range of the separating capacity of the 5 per­
cent gels. 
Although an accurate molecular weight value has not 
been assigned to the myosin B molecule, light scattering 
studies indicate an average value in the order of 20 X 10& 
(Gergely and Kohler, 1958). The molecular weight of myosin 
A is in the range of 400,000-500,000 and F-actin is several 
million. Assuming all three proteins are present, it would 
be expected on the basis of gel filtration, that actomyosin 
should be completely excluded and myosin A and F-actin 
retained at least to some extent on 5 percent agar columns. 
As a result, myosin B would be expected to be eluted first, 
followed by F-actin and myosin A, respectively. Experi­
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mentally, the exact reverse occurred as shown in Pig. 10. 
Except for the trailing edge, myosin A was eluted well 
before purified myosin B. Actin was omitted from the mix­
ture since it does not exist as a single molecular species 
in the presence of myosin A. An explanation for the rela­
tively low retention of myosin A is the formation of high 
molecular weight myosin A polymers in solution. Mueller 
( 1964) found that aggregates are present in most myosin A 
preparations at higher concentrations where the high vis­
cosity prevents effective removal in the preparative ultra-
centrifuge. Since the ultracentrifuge was not used in the 
preparation of myosin A it is possible that only small 
amounts, if any, of the aggregates were removed. 
The elution diagram of myosin A on 5 percent agar 
appears very similar to the gel filtration diagram of myosin 
A on Sephadex G-200 (Smoller and Pineberg, 1964). These 
workers found that the initial major fraction is myosin A 
as identified by its high specific adenosine triphosphatase 
activity. The retarded material possessed a low A2?9//A26o 
ratio suggesting that it is rich in nucleotide derivatives. 
Heavy meromyosin showed similar elution diagrams on 
Sephadex G-200 (Lowey, 1964). The absence of any associated 
components, shows the homogeneity of purified myosin B on 
5 percent agar columns. 
On the basis of elution diagrams for myosin A and 
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purified myosin B, it is concluded that components A and B 
of Fig. 6 correspond to these two proteins respectively. 
This is supported by the relatively high adenosine tri­
phosphatase activity of fraction B as compared to the same 
activity of fraction A (Figs. 7, 8, and Table 3)• Myosin A 
shows little if any adenosine triphosphatase activity in 
the absence of specific activators. The relatively high 
A2gQ/A2ôo ratios of fraction A is characteristic of myosin A 
as shown by Smoller and Fineberg (1964). The lower 
A28o/A26o ratio of fraction suggests the presence of higher 
amounts of nucleotides frequently encountered in myosin B 
solutions prepared in this laboratory (Fig. 9 and Table 3). 
The slightly higher concentration of protein in com­
ponent A of 48-hour myosin B fractions, suggests a small 
increase in free myosin A content of this fraction over 
that of the 4-hour fractions (Fig. 6). In contrast, 
Weinberg and Rose (i960) found that less "free myosin" was 
present in post-rigor than in pre-rigor chicken muscle 
extracts. This decrease, however, was attributed to an in­
crease in the amount of extractable actin which combined 
with the free myosin A to form "actomyosin". No apparent 
qualitative or quantitative differences existed between 
components B of 4- and 48-hour myosin B fractions. This 
suggests that myosin B remains undissociated during the 
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44-hour aging period. The displacement of components C in 
the 4- and 48-hour preparations is difficult to explain. 
This fraction perhaps corresponds to a protein which poly­
merizes over the 44-hour- period and consequently is eluted 
earlier in the 48-hour preparation. 
In general, changes are subtle and the small differ­
ences in elution diagrams are perhaps no greater than those 
attributable to experimental variation in the technique. 
C. Ultracentrifugal Analyses 
of Myosin B Fraction 
Concentrated myosin B solutions exhibited considerable 
turbidity before runs which was partially removed during 
the early stages of acceleration in the analytical ultra-
centrifuge. The high rate of sedimentation suggests that 
these components are probably cellular fragments and/or 
particulate cell particles not completely solubilized during 
extraction. Some turbidity remained after attaining the set 
speed, but was essentially removed halfway through each run. 
Large protein aggregates or gel forms were perhaps respon­
sible for the turbidity observed. An interface between the 
turbid and clear solution appeared to move down the cell as 
shown clearly in Fig. 13A. From the photographs, it is 
obvious that considerably more of this high molecular weight 
material was present in the 4-hour myosin B preparation. 
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The first small rapidly sedimenting component probably 
corresponds to myosin B. Johnson and Rowe (1964) found that 
the sedimentation rate of myosin B was well defined with 
respect to concentration with approximate svalues ranging 
from 14 to 90S. This component obviously interacted in some 
way with material already sedimented as shown by the forma­
tion of the ultrasharp boundary particularly evident in 
frame 4 of Fig. 11A and 11B. The formation of this and 
another smaller component near the bottom of the cell possi­
bly represents the formation of large polymers of myosin B 
perhaps corresponding to 90 to 280S sedimenting components 
observed by Portzehl et al. (1950). According to Johnson 
and Rowe (1964) these higher values probably refer to the 
typical gel component of myosin B solutions first observed 
by Snellman and Erdos (1948). Johnson et. al. (1963) postu­
late that this gel component is perhaps the product of the 
"interaction of a three-dimensional actin polymer (gel 
actin) with myosin A." With the addition of adenosine tri­
phosphate, the gel component disperses to give a single 
peak with a sedimentation value similar to that of myosin A 
(Johnson and Rowe, 1964). The material sedimented during 
acceleration may have consisted in part of the gel compo­
nent, which, on interaction with the 15S myosin B species, 
gave rise to yet another sedimenting component. 
Immediately to the right of the ultrasharp boundary 
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near the bottom of the cell in frame 4 of Pig. 13B, a small 
but distinct component was observed which was absent in the 
corresponding frame of Fig. 13A. This peak may represent an 
additional gel component not present in the 4-hour myosin B 
fraction. 
The major component, sedimenting at 7.9S, perhaps sed­
iments too fast for myosin A which possesses an approximate 
sedimentation coefficient of 5 to 6s. This peak, however, 
may correspond to G-actomyosin, the existence of which was 
first proposed by Szent-Gyorgyi (1945). Johnson and Howe 
(1964) concluded that the single peak seen in the disso­
ciated myosin B gel, may be G-actomyosin. King (1965) found 
evidence for the presence of this component in cod myofibril­
lar protein extracts and proposed the following scheme for 
its state of equilibrium with other components: 
The proposed G-actomyosin gives rise to a smaller faster 
sedimenting component (15S) later in the run (frames 3-10 of 
Figs. 11A and 11B). This component may be analogous to 
F-actomyosin as shown in the above scheme. 
The slowly sedimenting material observed in the myosin 
B fractions is similar to small amounts of polydisperse 
material observed by Johnson and Howe (1964) in natural 
actomyosin systems. These workers are. of the opinion that 
F-actomyosin: il G-actomyosin" G-actin+myosin 
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the material must be derived from the formation of an equi­
librium system between actin and myosin, since the sedi­
mentation rate of its broad peak changes with the weight 
fraction of myosin A. 
F-actomyosin in solution probably exists in equilibrium 
with other components, rather than F-actin and myosin A, 
according to the following scheme proposed by Johnson and 
Howe (1964-) : 
F-actin+myos in-
Low f>2 high l?2 
Linear Aggregation 
G-actin+myosin 









Fig. 16. Postulated scheme for the actin-myosin inter­
action (Johnson and Rowe, 1964) 
Ultracentrifugal data show little evidence favoring 
shifts in protein equilibria between myosin B fractions 
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prepared 4 and 48 hours after death. 
Myosin A preparations were heterogeneous as observed in 
the analytical ultracentrifuge (Pigs. 14A and l4B). The 
degree of heterogeneity was lower than that of myosin B 
fractions, as indicated by the absence of several components. 
Neither the small rapidly sedimenting component, nor its 
interaction with material in the bottom of the cell, was 
apparent in myosin A preparations. The considerable amount 
of material sedimented during acceleration, probably corre­
sponds to the gel components present in myosin B fractions. 
The major component, sedimenting at 5.5S, corresponds 
to myosin A. The small amount of the faster sedimenting 
component has been observed by others (Oppenheimer et al. 
1964, and Barany et al. 1964a). According to Szent-Gyorgyi 
(1951b), 0.6 M KI denatures actin, and actin-free myosin A 
may be recovered by reprecipitation in KC1. Lewis et al. 
(1963), however, found that native G-actin in 0.6 M KI is 
gradually inactivated to form high molecular weight aggre­
gates. The small peak associated with the myosin A perhaps 
represents such a G-actin aggregate. Electronmicrographs 
of myosin A in 0.6 M KI show that there is a tremendous 
amount of degradation in this type of preparation (Huxley, 
1964). 
Several distinct differences are observed between 
sedimentation diagrams of 4- and 48-hour myosin A prépara-
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tions. In general, peaks are considerably more diffuse in 
Fig. 14b, suggesting a possible depolymerization of compo­
nents. The peak corresponding to myosin A, is in a greater 
concentration in all frames of Fig. l4B and remains hyper-
fine throughout 80 minutes of sedimentation. It is possible 
that more myosin A was extracted after the additional 44 
hours of aging supporting the concept of dissociation of 
myosin B with resolution of rigor. In this manner, the 
myosin B complex loosens with resolution and becomes more 
subject to the dissociating action of KI. On the other 
hand, the data perhaps show that myosin A in solution loses 
any ability to depolymerize after undergoing onset and reso­
lution of rigor. Myosin A in solution shows a great tend­
ency toward polymerization, particularly at elevated tem­
peratures. 
D. Centrifugal Analyses of Myosin B Gel 
In the attempt to further characterize the gel compo­
nent observed in the analytical ultracentrifuge, myosin B 
fractions were centrifuged at slower speeds, and the degree 
of sedimentation was quantitated (Fig. 11). At all speeds, 
a higher percentage of the total protein was sedimented in 
the 48-hour fraction. Koltzer (1964) found that even after 
removal by centrifugation, the gel component consistently 
reappears. This observation suggests^  hat the gel is in a 
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dynamic state of polymerization solution. Johnson and 
Rowe (1964) are of the opinion that the gel may continually 
reform as long as sufficient actin exists in the solution. 
More of the gel component may have been extracted from 
muscle aged 4 hours, thus giving the higher percentages of 
sedimented protein in these extracts. An alternative con­
clusion is that 48-hour myosin B fractions partially lost 
the ability to form the gel component, perhaps due to the 
loss of available actin. 
E. Density Gradient Centrifugation 
of Myosin B Fraction 
Ultracentrifugation of myosin B fraction in a contin­
uous sucrose gradient provided a similar degree of reso­
lution obtained in the analytical ultracentrifuge. Although 
density gradient patterns lacked the detail of schlieren 
patterns, major features of sedimentation were comparable. 
The small fraction near the cell bottom, the major absorb-
ence fraction, and the material remaining near the meniscus 
of gradient tubes, seem to correspond favorably with 
schlieren patterns of the same preparation. 
Density gradient centrifugation provides an additional 
advantage in that zonal rather than a moving boundary sep­
aration is involved. As the zones are separated from each 
other during a run, each fraction can be satisfactorily 
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eluted and further analysed. Use was made of this advantage 
in the attempt to further characterize components observed 
in the analytical ultracentrifuge. 
The high calcium activated adenosine triphosphatase 
activity of slowly sedimenting material (area A of Fig. 15) 
suggests the presence of myosin A. Furthermore, the low 
ultraviolet absorbency ratio of this fraction indicates the 
presence of nucleotide derivatives often associated with 
myosin A preparations. The presence of myosin B in the 
major fraction (B) is indicated by the high magnesium and 
low calcium activated adenosine triphosphatase activity and 
the 15 percent fall in viscosity with addition of adenosine 
triphosphate. In solutions of high ionic strength, 
adenosine triphosphate dissociates myosin B into myosin A 
and F-actin. The result is an immediate fall in viscosity, 
back to the sum of the viscosities of the individual compo­
nents. The relatively high calcium and magnesium activated 
adenosine triphosphatase activités of material near the 
bottom of the tube (fraction C) is perhaps due to the 
presence of myosin A and myosin B aggregates. This material 
may correspond in part to the myosin B gel observed in 
moving boundary ultracentrifugation. Some myosin B is pres­
ent as indicated by the small drop in viscosity of fraction 
C. 
As in schlieren patterns, only small differences are 
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apparent between density gradient ultracentrifugal patterns 
of 4- and 48-hour myosin B fractions. The area under the 
major absorbency fraction is slightly smaller in the 48-hour 
preparation although this difference may be due to the 
smaller amount of protein applied to the tubes. Forty-eight 
hour preparations tended to show slight increases in the 
amount of slowly sedimenting, highly active adenosine tri­
phosphatase material (fraction A). This suggests either a 
change in degree of polymerization or an increase in myosin 
A' containing material. 
F. Electrophoresis of Myosin B Fraction 
Polyacrylamide gel electrophoresis proved to be of no 
great value in the analysis of myosin E fractions. The 
extremely slow migration of all components suggest that 
even in gels of low polyacrylamide concentration, pore sizes 
are not sufficiently large to permit entrance of the large 
macromolecular complexes. According to Hjerten (1963), the 
rate of migration of proteins in cross-linked polyacrylamide 
gels is dependent not only on the charge of the proteins, 
but also to a great extent on the size of the proteins. The 
above worker also found that the size factor is so pro­
nounced that migration rates can be altered by changes in 
the gel concentration, that is, the pore size. As a result, 
the lowest possible gel concentrations were used in this 
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experiment. 
In the attempt to break down large complexes, myosin B 
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fractions were extracted with 8 M urea solutions. Such 
conditions did not appreciably improve either rate of migra­
tion or resolution of proteins. Had the urea solutions 
proved useful, alterations in myosin B fraction during aging 
would have certainly been obscured due to the disruption of 
secondary and tertiary protein linkages by urea. Similar 
results were found by Neelin and Hose (1964) using starch 
gel electrophoresis. Small et al. (1961) reported that the 
migration rate of myosin A in urea containing polyacrylamide 
gels was extremely slow (up to 48 hours per run) at pH 7.2. 
Using starch gels, Carsten and Katz (1964) found slow moving 
components in actin preparations, thought to be aggregates 
or partial polymers of actin. 
The slight increase in anionic components during the 
44 hour aging period may not be due to myofibrillar proteins 
of the myosin B fraction, but rather to sarcoplasmic pro­
teins. Actin (Krans et al., 1962), myosin A (Small et al.. 
1961), and actomyosin (Fischer, 1963) show distinct cationic 
mobilities. Furthermore, Neelin and Rose (1964) found that 
starch gel patterns of sarcoplasmic proteins showed addi­
tional anionic components after aging up to 51 hours. These 
workers suggested that soluble proteins escape into extracts 
because of a "breakdown of intracellular barriers or sub-
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cellular particles." It is quite possible that such parti­
cles were present in myosin B fractions and after a total of 
96 hours (48 hours of aging plus 43 hours for electrophoretic 
runs) sarcoplasmic proteins were released. 
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VI. SUMMARY AND CONCLUSION 
Changes in selected physicochemical properties of 
myosin B fraction of turkey muscle were followed during a 
44-hour post-rigor aging period. 
Enzyme assays were performed on myosin B fractions in 
the absence of specific activators. Fractions prepared 24 
and 48 hours after death showed small but consistent in­
creases in adenosine triphosphatase activity over that of 
fractions prepared 4 hours after death. This increase is 
attributed to a change in conformation of the myosin B 
molecule, resulting in exposure of more active sites of the 
enzyme. 
Gel filtration on 5 percent granulated agar columns, 
separated myosin B fractions into three components. Elution 
diagrams showed an increase in one fraction during 44 hours 
of aging. This fraction was rich in myosin A, based on 
adenosine triphosphatase activity and comparison with elu­
tion rates of purified myosin A. Sedimentation diagrams 
of myosin A revealed a definite increase in this protein 
with aging. 
Density gradient centrifugal patterns showed small 
increases in slowly sedimenting components of myosin B 
fractions with aging. These components were high in 
adenosine triphosphatase activity in the presence of calcium 
114 
ions and showed no reduction of viscosity with addition of 
adenosine triphosphate. This evidence further suggests 
either a change in degree of polymerization or an increase 
in myosin A-containing material with aging. 
Sedimentation patterns and centrifugal data of myosin 
B fractions prepared 48 hours after death, indicated a 
decrease in a high molecular weight component thought to be 
myosin B gel. It is concluded that myosin B fractions lose 
gel-forming ability with onset and resolution of rigor. 
Myosin B fractions were subjected to electrophoresis 
in polyacrylamide gels of large pore size. Electrophoretic 
patterns revealed small increases in anionic components 
during the 44-hour aging period. These components may not 
be myofibrillar proteins but rather sarcoplasmic proteins 
released with resolution of rigor. 
In conclusion, subtle changes occur in selected physico-
chemical properties of myosin B fractions during a 44-hour 
post-rigor aging period. Some evidence favors the concept 
of dissociation of myosin B into myosin A and actin with 
resolution of rigor. This dissociation, however, is far 
from complete and may represent dissociation of protein 
aggregates as well as dissociation of individual molecular 
species. 
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